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© Connection for semiconductor devices or integrated circuits by coated wires and method of 
manufacturing the same. 

<>lEt A m lS ndl l Ctor l nte9rated . ClrCUit deViCS h WhiCh Wire bondln O ,s Wed by using a bonding wire having 
^heat resistant polyurethane coabng. a semiconductor integrated circuit device applied with bonding by way of a 

mS^J^T^T 1 ^ V" C ° mP0Siti0n ° f 3 toW heat eXpanSi ° n ™ d a imLnductor 

jgchS efe disconnection and damage to the coated wire by applying chamfering to a 
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SEMICONDUCTOR DEVICE OR SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE AND METHOD OF 

MANUFACTURING THE SAME 

it J^^T^T 0 " Tf" 8 3 te ° hnique f0r manufacturing a semiconductor devic and, particularly, 

ISf „ k h ?' qU ! Wh ' Ch maV 156 eff8Ctive wh9n a PP |ied to manufacture of a semiconductor 
device in which external terminals of a semiconductor chip and a lead are connected by way 7cS 
wres each compnsmg a metal wire coated at the surface thereof with an insulafive coating layer as well as 
5 to a semiconductor device obtained thereby. 

a JL Urthe !; P ' eSent lnvention relates to a technique which be effective when applied to the structure of 
a semiconductor device having a semiconductor chip of high integration degree andhigh performance id 
parbcularly, it relates to an improvement of reliability of wiring by means of wire bonding P8rf0rmance and ' 

w itaSSJS EE* «* 0f 9° ,d < A '> «^ copper (Cu, are used for the 

SS^SSe^ tem,ina,S •»"*» Pad) * « semiconductor chip and ieads (inner 

j^itas are M?ctrj=5te si*s 
. w-isar at * e surface wi * - insu,ative ia - - i 

C t « 2?J f^*J° 3ted Wir9S 8,6 P ro P 0 sed. for example, in Japanese Patent Laid-Open Publications Sho 
IT'S 6 ^ 60 * 224237 ™ d 61 - 194735 3nd Japan6S9 mit * Laio-Open 2£Z sJo 

pJSSSS^- SlfTT" 0 "" 1 ^ techniques, use of urethane resin or nylon resin (Japanese 
Patn £lT?5 7 Sho 57-152137), polylmide resin, po.yurethane resin or fluoro resin Japanese' 
Patent Laid-Open Publ.cat.on Sho 57-162438). polyethylene resin, polyimide resin or urethane resin 
Japanese Patent Laid-Open Publication Sho 60-224237). urethane raSm, polyvinyl chlorS rLiHr 
poly.rn.de res.n (Japanese Patent Laid-Open Publication Sho 61-194735) and enamel as me Z Stive 
^f'S m, ^'J P °!r Ster reSi " OT PO'^rethane resin (Japanese Utility Model Publication Sho 61-186239) 
as the matenai for the .nsulative coating layer for the coated wire, has been described respectively 

fcJSLTJSE'l I? 8 If nniques of «* kind scribed so far. there can be mentioned "Micro Device 
(separate edition of Nikkei Electronics)-, p 82- 92. published from Nikkei McGrow Hill Co., June 11 1984 

refen"ed to SSZSETl * T** "** ** * 3 resin ("ereinater simply 

referred to as^ resin ) in a resin molded semiconductor device has been described specifically 

hioh de^sftv m^^^ 26 ^ Semi ~ nduCt0r dev,ces has ooo 0 ™ smaller along with a demand for 

9 . * ? 0386 Where 3 semic onductor chip of high integration degree is encap- 
reS^ 3 P " ° f 3 redUCed Si28 ' ** thickneSS and ' *• 'on9th for the package are inevitabfy 

fJ^l^^S l V ia * S> L?J K?e, l dUe *° *• difference in me "eat expansion coefficient between the 
res.n (res.n composition consttuftng the package and the lead. In addition, since the package is small in 

£ 2 TT? V intrUde ^ *• 0UtS ' de thr0U9h 106 ,ead extended o^ardfTalZgh S is 

raSsr may 081,88 a worry 1,131 ma corrosion ° f *• extemai ^ ° n ** i*i!5i{ 

x iSfrim J 6 h63t eXP3nSfon COefflCient ° f 9eneral epoxy resins is 33 lar ° e 35 from 17 x 10"« to 70 
Vt ao L ? expansion coefficient is as small as about 10 x 10"« for Fe-Ni alloy and about 6 x 10-* 
for 42 alloy. Kovar, etc. that constitute the lead. 

Due to the difference in the heat expansion coefficient, interface peeling, that is. cracking occurs at a 

semiconductor device. In order to suppress the development of crack, a filler such as molten quartz powde* 
with extremely low heat expansion coefficient has been blended 

problems.^ 888 " 1 inV6nt0r f ° Und ,h3t kn ° Wn teCnniqU6S deSCribed above invo,ve «* lowing 

described LSfih?^ "! ateri3,S f ° r inSU,3tiV9 COatin9 ' ayere disd0S8d in «* k "° wn 

^ *!? 6r J eS ' n 13 " 0t SUit3bl ° 31,100 * iS <*"* in lne bondabilit y doe to «» excessLy 
great ngidity of the film and liable to cause bonding failure 

ma ? a !' P °! yimid . reSi " (ny ' 0n resin) ' fluor0 r8sin " Po'yotny' n ^ Polyvinyl chloride resin and 
enamel, as well as polyester resin are not quite satisfactory by the following reasons That is since theS 

XZZTJ? ^ 31 3 he3Bn9 temp8rature duri " 9 ^ma«on of a S S 

there have been problems that carbonization products deposited to the coated wire are caught in the 
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capillary to hinder the supply of the wir upon wire bonding of a semiconductor chip to the external 
terminals the carbonization products as electrc-conductive material fall on the circuit forming surface of the 
s miconductor chip thereby causing short-circuit failure, as well as the bondability is poor since the peeling 

s 'EST? k ? 9 l ayet ' S *** Up °" wire bon *« to me ,ead - *° matins lay r is carbonized by 
heaa " 9 " pon heat,n 9 300 rem oval of the carbonization products is difficult to hinder the bonding 

Further, although the polyurethane (or urethane resin) or formal has satisfactory properties from an 
overall point of view as compared with other materials described above, it has been found bv the 

ST57! ? T 6 P T nt inVe " t0rS iS 3 problem of thermal degradation, particularly, due to the 

insufficient heat romance. That is, during use after mounting the semiconductor device, me wire a so 

S^Ti C0 " S k f y 9,ea ! th6rma ' Sh0Ck due t0 9 enerated from m8 semiconductor device. 

Accordingly, rt has been confirmed by the temperature cycle test according to MIL-883B and the test of 

SZr. 9 h te T ratUre C ° ndUCted bV th9 present inventor ' et * mat wh3 " usual polyurethane resin or 
formal is used as the coabng layer, if the wire should cause the state of tab-touch, chip-touch to the silicon 

SSH^JUn: ?!* ■? betW6en WireS ' * w JW* h W* or f °«™' undergoes thermal degradation, 
final y leading to the tab short-circuit chip short-circuit and inter-wire short-circuit due to the deduction o 

the layers even in the case of using the coated wire. 

^im^T* "° cons i dera,ion has ^en in any of the known techniques described above for the 
problem of thermal degradation in the coating iayers of polyurethane resin and. accordingly, there is a 

SKJTtr Stf* ?! Ure 33 d6SCribed **» is «** «* * *• »» of tS poSane 
•T^ fof^ » m ! COatl " 9 ' ayer sJnce the material can not withstand the conditions in 

use for the semiconductor device and test conditions of MIL-883B 

o JL!Z T J Und Wh " e heat expansion * the entire resin is decreased in 

proportion with the blending amount of the filler, since the viscosity of the resin is increased in a reverse 
proportion therewith, flow of wire (deformation) is caused in the resin molding step 

n, ttTl!' "5P 2? 1°" 01 *• Wire> Contact 816 wires ' contact between the wire and the tab 

eleSc^^uT 18 031)3611 to r6markab,y reduce 109 reliabi,itv 38 semiconductor device by 

uJfUZfUZ S^'k" 22 3bove ^ en « on ^ P rior it is obliged to limit the content of the filler in the 
resin to less than 60 % by weight and it is actually difficult to make the heat expansion coefficient of the 
resin approximately equal with that of the lead. w*«ncwni or me 

Further in a case where the package is formed In a state where the wire is kept in contact with the tab 
or the semiconductor chip, wire disconnection is caused due to the deformation along with me hit 
expansion of the package to worsen the electric reliability of the semiconductor device 

ternZS^H 6 " a Tl encapsu,ated semiconductor device such as DIP (Dual In-line Package), external 
terminals (bonding pad) of a semiconductor chip and inner leads of a lead are connected by way of wires 
In me resin encapsulated semiconductor device, the semiconductor chip, inner leads and the wires aVe 
resin encapsulated (resin molding). An epoxy rasin is used, for example, as the resin 

v«reT S uL^thT° aPSU,a ? 1 Semic ° nductor <**» under development by the present inventor, coated 
t^SHS n wre | as Ascribed in Japanese Patent Application Sho 62-200561 (laid open number Hei 

meifwll LIT " !* Pr6Sent * ptapt 17,9 wire is formed b V coating the surface of the 
metal wire with an insulator. The metal wire in the coated wire is formed with gold (Au) coooer fCul 
aluminum (Al). etc. The insulator is made of resin material such as a polyurethane Sin 
The coated wire is bonded by means of a ball wedge bonding method or wedge & wedge bo^dmg meS 
can Z 7 enCapS t t8d , semiconduc tor device using the coated wire L an advantageous Sure 
capable of improving the electric reliability by preventing short-circuit failure due to contact between 
^T™\*T'T fai,Ur9 dUe to ^^een the wire and the end of the mnSSZSl 

bfcausi totolT* tZ ,0 ^ b6tWeen ** «* ^ me **> end " 7,19 ^.ure is liable to 

be caused by the flow of the resin injected, particularly, in the resin encapsulation step 

cha^K^Sr** ^ f0U " d 818 ,0,l ° W, ' n9 Pr ° blems in me course of m9 ins Pection for the electric 
charactenst.cs of the resin encapsulated semiconductor device using the coated wire as described above 

«, toZZZT Wr ! '! °T short - drcuit Wl « aspect to other coated wire In adjacent therewith 
or between the coated wire and the semiconductor chip or the tab end respectively. On the other hand in 

to HTT 'ti S r ICOndUCtor deViC8 " nder d9V9, °P m9 "t by the p'resent inventor, the size^f me 
rn^unt d fn »„ ih 3 T *?* semiconductor ch 'Ps of different size (different function) can be 
Zl i ^T^ 96 ' Accordingly, contact between the coated wire and the comer of L tab of 
Sv^tL £2? , m I' 98 " 1 enca P su,ated semiconductor device. However, in a case of using a resin 

me m5 JL'SFTZ f ** inSU ' at0r f ° f "* ^ wire ' adhesjon is *«» both between 
the metal wire and the insulator and between the insulator and the resin (epoxy resin) as the material for 
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encapsulation. That is, shrinking stresses caused to the encapsulation material in the temperature cycle 
after the resin encapsulation is exerted on the entire area of the metal wire in the coated wire, in which the 
str sses are localized, particularly, to the coated wire at a portion in contact with each of the comers 
described above. Accordingly, there has been a problem that the insulator on the coated wire is destroy d 
s to cause short-circuit between the metal wire and the tab or the coated wire is disconnected, to worsen the 
electric reliability of the resin encapsulated semiconductor device. Particularly, since the lead frame of the 
resin encapsulated semiconductor device is formed by punching and burrs are formed to the respective 
end faces of the tab and the lead, the foregoing problem becomes conspicuous if the burrs are brought into 
contact with the coated wire. The problem also occurs in the same manner if the coated wire is brought into 
;o contact with the comers of the semiconductor chip. 

The present inventor has further found the following problems before the development of the resin 
encapsulated semiconductor device described above. 

In a resin encapsulated semiconductor device, pin-arrangement (position or arrangement for signal pins 
or power source pins) may be different depending on the kind of boards on which the device is mounted 
75 and the type of the external devices. In such a case, resin encapsulated semiconductor devices of an 
identical function with other pin arrangement have to be developed. That is. it requires an additional 
development for the arrangement of the external terminals of the semiconductor chip and the arrangement 
for the leads of the package. Particularly, since the cost for the development of a semiconductor chip Js 
about 10 times as high as that of the package, there has been a problem that a great development cost is 
20 necessary in order to develop a new resin encapsulation semiconductor device with the reason that only the 
pin arrangement is different. 

Various aspects of the present invention are as defined in the appended claims. 
Various aspects of the present invention are explained below. 

In a manufacturing method for a semiconductor device and a semiconductor device obtained thereby in 
accordance with the present invention, the insulative coating layer for the coated wire comprises a heat 
resistant polyurethane prepared by reacting a polyol ingredient and an isocyanate and containing constitu- 
ent units denved from terephthalic acid in the molecule skelton. The coated wire is connected at one end 
thereof to an external terminal of a semiconductor chip and at the other end thereof to a lead. 

The coated wire is connected to the external terminal of the semiconductor while with removing the 
30 coating layer at one end upon forming a metal ball or without forming such a metal ball. 

The other end of the coated wire is brought into contact with a lead and the coating layer at the portion 
of contact is destroyed, or the coating layer at the other end is previously removed, thereby connecting the 
metal wire at the other end of the coated wire with the lead. 

Upon connecting the other end of the coated wire with the lead, only the wire bonding portion of the 
35 lead can be heated. 

A pigment can be added by a predetermined amount to the coating layer for the coated wire. 
In another way of expressing the present invention, for both manufacturing a semiconductor device and 
the semiconductor device obtained thereby the insulative coating layer for the coated wire can be formed 
with such material as having the degradation rate of less than 20 % in relation with the reduction of the 
40 destruction frequency of the coating layer at 150 # C - 175' C, after 100 hours and showing no carbonization 
upon forming a metal ball or removal of the coating layer. 

According to the means described above, since the coating layer made of a heat resistant polyurethane 
can prevent the layer destruction caused by thermal degradation, it is possible to prevent electric short- 
circuit failure such as tab short-circuit or chip short-circuit of the coated wire, or short-circuit between each 
45 of the wires. 

Further, since urethane bondings in the heat resistant polyurethane used as the insulative coating layer 
for the wire are decomposed at the bonding temperature upon usual wire bonding or with supersonic 
vibration energy, it is possible to attain reliable bonding by the combined use of hot-press bonding by usual 
heating and supersonic vibrations or by the application of the supersonic vibration energy. In this case, if 
so local heating to the bonded portion is used together, more reliable wire bonding is possible. 

Furthermore, when such material as having degradation rate of less than 20 % in relation with the 
reduction of destruction frequency of the coating layer at 150* C - 175° C, after 100 hours and not 
carbonizable upon forming a metal ball or removing the coating layer is used as the insulative coating layer 
for the coated wire, since the thermal degradation of the coating layer can be prevented, electric short- 
55 circuit failure caused by the destruction of the layer can be prevented. 

Further, referring simply to th outline of typical embodiments among those disclosed in the present 
application, a numb r of f atur s become possible and/or advantageous. 

The first feature concerns a structure of a resin encapsulated semiconductor device in which an 
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interm diate layer made of an insulative resin is disposed between a metal wire and a resin, and the heat 
expansion coefficient of the resin is controlled to toss than 10 x 10^/* c 



Th 

exfc 
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second feature concerns a structure of a resin encapsulated semiconductor d vice in which 
external terminals on a semiconductor chip and a lead are wired by means of metal wires each having an 
.ntermed,ate layer made of an insulative resin formed at the periphery thereof and. further, the periphery of 
them is molded wrth a resin, wherein the total diameter of the metal layer and the intermediate layer is set 
to less than 30 urn and the heat expansion coefficient of the resin is controlled to less than 1 0 x 1 1T*/ * C 

The third feature concerns a structure of a resin encapsulated semiconductor device in which each of 
metal wires for connecting external terminals formed on a semiconductor chip and a lead comprises a first 

Llr!!ifJ a r mad f 2 T inSU,ative resin formed * *• Periphery thereof and a second intermediate 
layermade of a resm of satisfactory releasability formed to the outer circumference thereof 

The fourth feature concerns connection between external leads on a semiconductor chip and a lead by 
way of metal wires which comprises press-bonding one end of the metal wire protruded from a top end of 

LSI" 9 ^ ^ Wth supereonic vibra,ions to external terminal, moving the bonding tool while 
«n,ng the supersonic v.brations. deliverying the metal wire from the top end thereof and bonding the 

S » k W9 to ,ead and ' ther8after ' mo,din 9 overthe 'egion of the wiring with 

Uwmetel wire by using a resm, the heat expansion coefficient of which is controlled to less than 10 x 

The fifth feature concerns a method of forming an intermediate layer by depositing an insulative resin 

ZSS "EEtt ^ ^ 3 «W '"^nt Van feocyaLe and con te ^ g 

constituent umte denved from terephthalic acid in the molecule skelton at the periphery of the metal wire 
connecting external terminal of a semiconductor chip and a lead by means of the metal wire and. thereafter' 

£EXSg££SF£ *° wirin9 m 8 resin - m heat expansio " *' ^ > 

inJ^Z^J^T 8 C0 " C f nS a t meth0d ° f Preparing a wire by formin 9 30 intermediate layer made of an 

E" Ph6ry ° f 3 metal Wire> meeting * semiconductor chip mounted on a lead frame 
fntl * "I 9 Wre ' plaCin9 the l8ad frame within a mold in which a plurality of cavities are 

SZEliZ .T? " 9 3 m °"l n reSi " * 0m 31 teast ^ resin "PPiy so^es to a plurality of cavities in the 
mold-under a high pressure, thereby forming a package. 

ate featu r e K conce [ ns 30 intermediate forming apparatus for forming first and second intermedi- 

™^ Jt J*" 0 ^ ° 3 meta ' Wire ' ^Prising a first storage reservoir and a second storage 
f^^r 1 ^ 30,1 3 PU,,ey r0tatable witnin a vertcal P 13 " 3 in each of the storage 
iTtJS to T erm ° St ^ 0f «* P ultey is immersed in a stored solution and the stored 
2* 5T "T, a T° U " t Plcked -" P by 1,19 P ulley to 1,16 uppermost portion thereof is brought into 
Swire ^ * f ° rmin9 *"* W SeC ° nd intermedi3te at the periphery of the 

hJ^L" 9 t0 *t firs V me ans 33 described above, development of crack caused by the difference of the 

T b6tWeen 016 reSi " leadl etc - 030 te P revert ed effectively by controlling 

me heat expansion coefficient of the resin to less than 10 x 10- 'C. Further, although the viscosity of fte 

ZZLZFXT V?" f T 6 *"* * e " eat 6XpanSi0n COefflcient is "**«»* e'ectric short-circuit 

Z^JZZZtTZ " ^ reS i- m0kSin9 *» Can effective,y be rented since the intermediate 
layer composing the insulative resin is disposed at the periphery of the metal wire 

r J™ r *T! ^ Se ^" d mean5, *"* ** total di3meter of * 9 n^tal wire and the intermediate layer is 
™^ * "»"• tess «*• "ow is caused due to the resin injection pressure in the resin 
molding step and. if the wire flow should occur, electric short-circuit can be prevented effectively since fte 
intermediate layer formed with the insulative resin is disposed at the periphery of the metal^re 

secon^Silt 8 I*" T^*** *». flrst intermediate layer comprising the insulative resin and the 
second intermediate layer of satisfactory releasability therearound are disposed, the metal wire can move 

Z £2 ^ intermediate ' ayer eV6n * m Wire is brouoM into ™tact"rtn 

di^,J n„ ,"?L P " and ' ac ^ ordn 9 ly - "0 compulsory stresses is applied to the metal wire itself and 
disconnection can be prevented effectively. 

^ CC ° rd i n9 . t0 tne fourth m eans. since the supersonic vibrations are continuously applied to the bondinq 
tool upon delivenng the metal wire from the bonding tool, deformation such as bending caused byT 
adsorption of the metal wire. etc. can be prevented. 

h«J^2L n9 JS! ** 1!U , m Since * 8tnjctu,e of the intermediate layer is riot carbonized by th 

2T2J2E! iS . fomiBd UP °" Wire b0ndi " 9 ' «**•"■■« to the semiconductor chip during 

wire bonding can effectively be prevented. Further, since the heat expansion coefficient is restricted 
development of crack caused by the difference of the heat expansion coefficient can be prevented 
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Accordmg to the sixth means, since the molten resin is injected from two or more of resin supply 
sources to a plurality of cavities, even a molten resin having relatively high viscosity can be injected 
efficiently into the cavities and the efficient resin molding step can be attained to the lead frame to which 
connection is applied by means of the wire having the intermediate layer. 

According to the seventh means, the first and the second intermediate layers can be formed 
continuously and easily by disposing the first and the second storage reservoirs continuously 

Furthermore, preferred features among those disclosed in the present application are explained below 

(1) In a semiconductor device in which external terminals of a semiconductor chip mounted on a tab 
and a lead are connected by means of coated wires and the coated wire and the connection portion of the 
coated wire are covered with a resin, the shape of the comers for the semiconductor chip, the corners for 
the tab or the comers for the lead where the coated wire is extended, is moderated. 

(2) The coated wire is extended such that it is not into contact with the comers for the semiconductor 
chip, the comers for the tab or the comers for the lead. 

(3) A method of forming a semiconductor device using a coated wire, comprising steps of mounting a 
semiconductor chip at a chip mounting position of a first package, and connecting external terminals of the 
semiconductor chip and a lead by means of a coated wires thereby forming a first semiconductor device, 
while mounting an identical semiconductor chip with the semiconductor chip of the first semiconductor 
device at a chip mounting position of a second package different from the first package for the first 
semiconductor device and connecting external terminals of the semiconductor chip and a- lead by means of 
coated wires, thereby forming a second semiconductor device. 

(4) A method of forming a semiconductor device using a coated wire, comprising steps of mounting a 
first semiconductor chip at a chip mounting position of a lead, connecting external terminals of the first 
semiconductor chip and the lead by means of coated wires and, thereafter, applying resin encapsulation 
ttiereby forming a first semiconductor device, while mounting a second semiconductor chip of a kind 
different from the first semiconductor chip of the first semiconductor device at a chip mounting position of 
an .denbcal lead with that of the first semiconductor device, connecting external terminals of the second 
semiconductor chip and the lead by means of coated wires and. thereafter, applying resin encapsulation, 
thereby forming a second semiconductor device. 

According to the means (1) above, since concentration of stresses due to the shrinkage of the resin to a 
portion of the coated wire in contact with the corners for the semiconductor chip, the comers for the tab or 
the comers for the lead is reduced, short-circuit between the semiconductor chip Or the tab and the metal 
wire of the coated wire due to the destruction of the insulator, or disconnection of the coated wjre can be 
prevented. As a result, electric reliability of the semiconductor device can be improved. 

According to the means (2) above, since stresses due to the shrinkage of the resin are not concentrated 
to the coated wire, it is possible to prevent short-circuit between the semiconductor chip or the tab and the 
metal wire of the coated wire or disconnection of the coated wire. As a result, electric reliability of the 
semiconductor device can be improved. 

According to the means (3) above, since the external terminals of the semiconductor chip and the lead 
can be connected by means of the coated wire while intersecting other lead, or the external terminals of the 
semiconductor chip and the lead can be connected while crossing the coated wires to each other a 
plurabty kinds of semiconductor devices can be formed by using identical type of semiconductor chip 
(standardization of the semiconductor chip) and using different kinds of packages. As a result, since the 
development cost for the package is less expensive as compared with the developing cost for the 
semiconductor chip, a plurality kinds of semiconductor devices can be formed at a reduced development 
cost. 

According to the means (4) above, since the external terminals of the semiconductor chip and the lead 
can be connected by means of the coated wire while intersecting other lead, or the external terminals of the 
semiconductor chip and the lead can be connected while intersecting the coated wires to each other a 
plurality kinds of semiconductor devices can be formed by using identical kind of lead (lead frame) 
(standardization of lead frame) and using .different types of semiconductor chips. As a result, since there is 
no requirement for developing leads on every development of semiconductor chips (for instance, on every 
semiconductor chips having identical functions but different with respect to the position of the external 
terminals), a plurality kinds of semiconductor devices can be formed at a reduced development cost. 

In the drawings: 

Rg. 1 is a cross sectional view for one-half portion of a r sin encapsuiat d s miconductor device as 
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Example 1-1 according to the present invention; 

Fig. 2 is a schematic enlarged cross sectional view for a wire bonding portion- 
s' I J I !!? em !2 C ^l^ 0 " 31 view *» a boning apparatus usable In the present inv ntidn: 
Rg. 4 is a perspective view for a portion thereof; 

5 bonding tppiatiis?" 8 SeCti ° na ' ^ * * * SpeCifiC * 3 Portion of the wire 

Fig. 6 is a plan view taken along the direction of arrow VI in Rg. 5; 
Fig. 7 is a cross sectional view taken along lines Vll-Vll in Rg. 6- 
Rg. 8 is a schematic constitutional view illustrating the principle of forming a metal ball; 

w Rg. 9 ,s an exploded perspective view for a portion of a spool in the wire bonding apparatus; 

Rg. 10 is an enlarged perspective view for a portion of the spool- 
Rg. 11 is a schematic plan view for the local heating portion for the wire bonding; 
Rg. 12 is a plan view illustrating one embodiment of wire bonding; 

S" 11 - S 30 en , far9 ^ Cr0SS Secaonal view for 3 P^on '"MstraHng the chip touch state therein: 
'5 Rg. 14 is an enlarged cross sectional view for a portion illustrating the chip short-circuit state- 

Rg. 15 is an enlarged cross sectional view for a portion illustrating the tab-touch state of the coated 

Rg. 16 is an enlarged cross sectional view for a portion illustrating the tab short-circuit state; 

20 retell f 8 Qf3f ? ? 9 . * e ShCrt circult rate between ^ semiconductor chip and the coated wire 

ao relative to the temperature cycle in the present invention; vmeawire 

temn^SJ! V- 9 *? Sh0WinQ 1,16 short - drcu i t rate between the tab and the coated wire relative to the 
temperature cycle in the present invention; 

Fig. 19 is a schematic view showing experimental conditions used for the evaluation of a coatind 
layer of the coated wire used in the present invention: coat,n9 

25 ,k - R9S ' • 2 ?. and 21 are 9rapns showin 9' respectively, the results of comparison experiments for the 
abrasion resistance of the coating layer in the present invention; n experiments tor the 

„ J? 9 !* 2 is a 9 ra Pn showing the results of experiment for the relationship between the temperature and 
the degradation rate in the present invention; lemperarure ana 

30 (abscissa) ^Z^if^ 9 ^Tf* °! expenment the ™<^™ rate of the coating .ayer 

sSna^nn rrf t7*^Z **" de 9 radaton ratQ ordinate) and the peeling strength of tiie 

secona bonding of the coated wire (right ordinate); ' 

the life^'th? tl 3 9r f h m8 0f experiment for the amplitude of the temperature cycle and 

the life of the temperature cycle of the coated wire: 

3S wira hL1 S . h f^'"? *• **** * * e ' addition of 3 Pi9 ment to the mating layer of the coated 
35 wire on the degradation velocity (degradation rate); w«ea 

Figs- 26 through 30 are. respectively, cress sectional views for a portion- of the wire bondlno 
illustrating Examples Hi to VI in the wire bonding system utilise in the praseTlnL; 9 

i, I! 9 ' ' '- S I Cr0SS 86080,131 view for » Portion of the wire bonding illustrating the composite coatina 
layer structure in Example 1 -VII according to the present invention- 7 composite coating 

example de2ri^ atoveT * POrt, '° n N,UStratin9 ^ C ° n,i9Urati0n ° f 3 ,ead fra ™ ™* * »• 

« in the SeCt, ' 0na ' *" for 3 ^ i,,UStratin 9 the inne ' of ^e semiconductor chip 

Rg. 35 is a perspective view illustrating the wire used in the example above- 
Rg. 36 is an explanatory view showing the characteristics of the wire- 

Hi* rnll'Z 1 3 f 16 " 13 !* ex P'anatory view illustrating an intermediate layer forming apparatus used for 
the coating of the intermediate layer to the wire of the example described above- 

50 apparatof us^nt 2&TK^ i,IUStra * n9 °" ***** * ™ *** 

ari'E^ 1 ^. the °- m - ° f a resi - — * 

Rg. 40 is a plan view illustrating th mold surface in the resin molding apparatus: 
the blending^ S,2£S ^ " ,UStratjn9 3 ^ *• neat «P-» and 

ti,e ^J^J^*^ 3 re,ati0nShiP b *"" n «* in •» **" state and 
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Fig. 43 is an explanatory view showing a relationship between the wire short-circuit rate and the 

blending amount of the filler, in comparison with Itie prior art; 

Fig. 44 is an xplanatory view illustrating the change of the water penetration state in PCT (Pr ssure 

Cooker Test) in comparison with the prior art- 
Fig. 45 is a cross sectional view for a portion illustrating the constitution of DIP type resin 

encapsulated semiconductor device as Example 3-1 according to the present invention; 

Fig. 46 is a plan view partially in cross section of a resin encapsulated semiconductor device; 

Figs. 47 through 50 are, respectively, enlarged cross sectional views for the portion of the resin 

encapsulated semiconductor device; 

Fig. 51 is a graph illustrating the short-circuit rate between the tab of the resin encapsulated 
semiconductor device and the wire; 

Fig. 52 is a graph showing a disconnection rate of the wire in the resin encapsulated semiconductor 
device; 

Figs. 53 and 54 are, respectively, enlarged cross sectional views showing the method of forming the 
lead of the resin encapsulated semiconductor device on every forming steps; 

Figs. 55 and 56 are, respectively, schematic plan views showing the method of forming the resin 
encapsulated semiconductor device as Example 3-II according to the present invention on every forming 
step; 

Fig. 57 is a cross sectional view for a portion of a wafer illustrating a bevel dicing in Example 4 
according to the present invention; 

Fig. 58 is an explanatory view for the entire constitution thereof; 

Fig. 59 is a cross sectional view Illustrating an wafer appended by way of an adhesive sheet to a 
circular frame used for dicing; 

Fig. 60 is a top plane view of a wafer illustrating the state of scribe lines for wafer peptization; 
Fig. 61 is a schematic view partially In cross section illustrating the details of the bonding process in 
Example 5 according to the present invention: 

Fig. 62 is a cross sectional view of a face mounted device in Example 6 according to the present 
invention. 

The following description for the present Invention are divided into Examples 1 • 6 for- the sake of 
convenience, but they do not belong to different inventions but may be substituted with each other and 
some of the examples are a modified process or modified structure for a portion of other examples. 

' (1) Example 1 

* 

Heat resistant polyurethane used as the coating layer for the coated wire in the present invention is to 
be described more specifically. The heat resistant polyurethane is prepared by reacting a polyol ingredient 
and an isocyanate and contains constituent units derived from terephthalic acid in the molecule skelton. The 
heat resistant polyurethane is obtained by using a polymer ingredient comprising terephthalic acid polyol 
containing active hydrogen as the main ingredient and an isocyanate. In this text "as the main ingredient" 
also includes a case where the entire portion consists only of the main ingredient 

The terephthalic acid polyol containing the active hydrogen can be prepared by using terephthalic acid 
and a polyhydric alcohol and by way of a customary esterifying reaction while setting the reaction 
temperature from 70 to 250 C within a range of OH/COOH = 1.2 to 30. Generally, those having an average 
molecular weight of from 30 to 10,000, containing about from 100 to 500 hydroxyl groups and having 
hydroxyl groups on both of the terminal ends of the molecular chain are used. 

As the starting material for constituting the terephthalic polyol, there can be mentioned aliphatic glycols 
such as ethylene glycol, Methylene glycol, propylene glycol, dipropylene glycol, hexane glycol, butane 
glycol, glycerine, trimethylol propane, hexanetriol and pentaerythritol. Further, polyhydric alcohol such as 
1,4-dimethylol benzene may also be used. Use of ethylene glycol, propylene glycol or glycerine is 
particularly preferred. 

Although terephthalic acid used as the dicarboxylic acid, amide acid or imide acid may. also be used 
together if necessary. 

The imide acid has the structural formula as shown below: 



Structural formula of imide acid 
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HOOC 




COOH 



10 



CH, 

CR: -CIU-. -SO,-. •CO-, -I-) 

r I 

CH 3 



75 



_ Dibasic add such as isophthalic acid, ortho-phthalic acid, succinic acid, adipic acid or sebasic acid or 
pofybasic acid such as 1 .2.3,4-butane tetracarboxylic acid, cvclopentane tetracarboxylic ad? eSn e 

20 Z^^SSSS^ " ~ ^ *» - - e^Tas 

*JZ?!! S" 319 t0 be reacted *• terephthalic acid polyol. there can be mentioned those 
obtained by btoctong the isocyanate groups of polyvalent isocyanates having at least hSnTaSS 

L°^r1 CUte SUCh , aS to " Uy,ene diisoc y anate and WW» isocyanate with a SSShSj «K 
™ BXamP 8 ' Phen °' S ' ca P ro,actam or methyl ethyl ketone oxime. Such an isSZate is 
„ There can also be mentioned prepared by reacting the above-mentioned polwalenMsSate 

**J. "** SUCh 38 Wmeth Vlo. projane. hexanetrio. or taSSKLTEK 
with a compound having active hydrogen. Piocwng 

2« !f n AS «nT , ? eS °if1i S ^!I ate compos, there can be mentioned Millionate MS-50. Coronate 2501 
2503. 2505. Coronate AP-St. Desmodule CT-St etc. manufactured by Nippon Polyurethane Co Then as 
30 the polyvalent .socyanate, those having a molecular weight of from about 300 to 10000 ^refSbJused 

preJar* bv^rmno^V 3 *»™ fe * a coSffSTiSTt 

prepared by forming a paint compositioh using the starting materials as described above coatino the 

compose to a metal wire as the wire main body into a coating layer of a «!«do2 from 0 V£ 
several m.cronmeters. thereby insulating the metal wire as the wire main body 
as The paint composition described above used in the present invention can be prepared bv addino 

ZToZ^^T °' hydr0Xy ' 9rOUps in ** ingredient, from 0.4 to £££2* prefeS' 
from 0.9 to 2.0 equwalent of isocyanate groups of a stabilized isocyanate and a predefined aSSo a 

nThtnlT ^If"* V**- ^ appropriate amount of an organic solvent #£S~J!*Z£! 

condmonmg the solid content usually to 10 - 30 % by weight. In tnis case Search 
40 ° r dy6S °o "ended each in an appropriate amount as required! 

In me present invention, from 0.4 to 4.0 equivalents of the isocyanate groups of the stabilized 
.socyanate ,s added based on one equivalent of the hydroxy groups in the potyof ngredient Ltute Te 
craang property of the resultant insu.atad wire is reduced if the amount is lesS 0.4 ^uivaJenTXeS 

mTZZ r6SIStanCe °« C ° at, ' ng ' ayer iS deteri0rated tf «* amou "t ^ceeds 2ft5S£SE 
45 T?o 11 k P K r0 K 08n9 CatalySt 3dded UP °" preparin 9 108 P** composition is. preferably SnO? 

11*2 Y 9 *?" °" 100 ^ by W6i9ht of P 01 ^ in 9 redi "* * « * less than M 
weight. Je cure promoting effect is reduced and the coating film-forming performance tends to be 
worsened On the contrary, if it exceeds 10 parts by weight, the heat degradation pro^of ££££ 
neat resistant urethane bonding wire is reduced. M'upwy or me resultant 

50 SnJS^JLT ^^i? Cat !^ ySt • 030 06 men « oned metal carboxylic acid, amino add and phenols 
nSSSc* aS ^ US8d "? ^ ir ° n Saft ' "W* "* ■* cobalt salt and Si 

Daint^mtS^ having insulative coating used in the present invention can be obtained by coating the 

55 SL T S ° nb d " b0V *° Surface of metal as the wire main body and then 
baked in a customary baking and coating device. V 

oolvo^naTrr^-, 0 ^ 9 " ,d baki " 9, aJUl ° U9h different dependin 9 on «* blending amount of the 
polyol ,ngr d,ent. stabilized .socyanate. polymerization initiator and cure promoting catalyst are usually 
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from 200 to 300 *C for about 4 to 100 sec. In summary, baking are conducted at such temperature and 
times sufficient to substantially complete the curing reaction of the coating composition. 

The thus obtained bonding wire having insulative coating has an insulative coating layer comprising 
heat resistant polyurethane formed at the outer circumference of the metal wire as the wire main body 
made of gold, copper or aluminum. 

In this case, the insulative coating lay r described above may be used in combination with other 
insulative coating layer as a composite coating layer structure. 

The composite coating layer can be obtained by forming the insulative coating layer according to the 
present invention as described above and, subsequently, Forming a second insulative coating layer on the 
above-mentioned insulative coating layer. In this case, the thickness of the second insulative coating layer is 
suitably set to less than twice, preferably, to less than 0.5 times as the thickness of the insulative coating 
layer according to the present invention. Then, as the material for forming the second insulative coating 
layer, there can be mentioned polyamide resin, special polyester resin, special epoxy resin, etc. 

The constitution and the function of the present invention are to be explained referring to examples in 
which the present invention is applied to the semiconductor manufacturing technique to be used for a resin 
encapsulated semiconductor device. 

Throughout the accompanying drawings used for explaining the examples, those having identical 
functions carry the same reference numerals and duplicate explanations therefor are omitted. 

Fig. 1 is a cross sectional view for a portion of a resin encapsulated semiconductor device of 
Example 1-1 according to the present invention; 

Rg. 2 is an enlarged schematic cross sectional view for a wire bonding portion; 

Fig. 3 is a schematic structural view for a wire bonding apparatus that can be used in the present 
invention; 

Fig. 4 is a perspective view for a portion thereof; 

Fig. 5 is a cross sectional view, partially in cross section, of a specific constitution for a portion of the 
wire bonding apparatus; 

Rg. 6 is a plan view along the direction of arrow VI in Rg. 5; 

Rg. 7 is a cross sectional view taken along fine VII - VII in Rg.6; 

Rg. 8 is a schematic constitutional view illustrating the principle of forming a metal bail; 

Rg. 9 is an enlarged exploded perspective view of a spool in the wire bonding apparatus; 

Rg. 10 is an enlarged perspective view for a portion of the spool; 

Rg. 1 1 is a schematic plan view of a local heating portion for the wire bonding; 

Rg. 12 is a plan view illustrating one embodiment of the wire bonding; 

Rg. 13 is a cross sectional view for a portion illustrating the chip-touch state of a coated wire; 

Rg. 14 is an enlarged cross sectional view for a portion illustrating the state of chip short-circuit 
thereof; 

Rg. 1 5 is a cross sectional view for a portion illustrating the tab-touch state of the coated wire; 
Rg. 1 6 is an enlarged cross section view for a portion illustrating the tab short-circuit state; 
Rg. 17 is a graph showing the short-circuit rate between the semiconductor chip and the coated wire 
relative to the temperature cycle in the present invention; and 

Rg. 1 8 is a graph also illustrating the short-circuit rate between the tab and the coated wire relative to 
the temperature cycle in the present invention. 

The semiconductor device in this example is one example of a resin encapsulated semiconductor 
device, in which a semiconductor chip 2 can be constituted, for example, as a semiconductor integrated 
circuit device, e.g.. memory, gate array, microprocessor. MOS logic, etc. 

The semiconductor chip 2 comprises a substrate 2A. for example, made of silicon (Si), a passivation 
film 2 at the uppermost portion thereof and an external terminal (bonding pad) 2C exposed through the 
opening in the passivation film 2B. The semiconductor chip 2 is bonded by way of bonding material 4 for 
example, made of silver (Ag) to a tab 3A of a lead 3. 

On the other hand, the external terminal 2C of the semiconductor ship 2 is electrically connected by 
way of a conductor wire with an inner lead 3B of a lead 3, in which a coated wire 5 is used for the 
conductor wire in this example. The coated wire 5 has such a structure in which an insulative coating layer 
5B is coated at the surface of a metal wire 5A. 

'The material for the metal wire 5A of the coated wire 5 can be made, for example, of gold (Au), copper 
(Cu) or aluminum (Al). The coating lay r 5B of th coated wire 5. as d scribed above and sp cificaily 
explained later, comprises a h at resistant polyurethane prepared by r acting a polyol ingredient and an 
isocyanate and containing constituent units derived from terephthalic acid in the molecule skelton. 

The coated wire 5 in this example is electroconductiv |y connected on the first bonding side thereof, 
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that is. on the connection side between the external terminal 2C of the semiconductor chip 2 and one end 
o the coated wire 5 by means of ball bonding through the formation of a metal ball 5A, while 
electroconductively connected on the second bonding side, that is. on the connection side between the 
inner lead 3B of the lead 3 and the other end of the coated wire 5 by means of a so-called th rmosonic 
bonding utilizing hot-press bonding and supersonic vibrations as a second bonding portion 5A* with no 
previous removal of the coating layer 5B. 

the semiconductor chip 2, the tab 3A and the inner lead 3B of the lead 3 and the coated wire 5 applied 
with pellet bonding and wire bonding are encapsulated with resin material 6 such as an epoxy resin and 
only the outer lead 3C of the lead 3. is protruded to the outside of the resin material 6 

Then the constitution and the operation of the wire bonding apparatus for the bonding of the coated 
wire 5 in this example are explained mainly referring to Figs. 3 through 11. 

The wire bonding apparatus is constituted as a so-called ball bonding apparatus such that the coated 
wire 5 wound around a spool 11 is supplied to a bonding section 12 as shown in Fig. 3 

That is. the coated wire 5 is supplied from the spool 1 1 to the bonding section 1 2 by way of a tensioner 
13. a wire guide member 14. a wire clamper 15 and a bonding tool (capillary) 16. 

A resin encapsulated semiconductor device 1 before resin encapsulation constituted as shown in Figs 
3 and 4 is disposed to the bonding section 12. Then, the resin encapsulated semiconductor device 1 before 
resin encapsulation is supported, as shown in Fig. 3, on a semiconductor device support bed 17 of the 
bonding apparatus (mounting table for the semiconductor device). 

The metal bail 5A, formed from the metal wire 5A exposed by removing the coating layer 5B on one 
side of the coated wire 5 is connected to the external terminal 2C of the semiconductor chip 2. The metal 
ball 5A, has a diameter, for example, about 2 - 3 times greater than the diameter for the metal- wire 5A. The 
metal wire 5A on the other side of the coated wire 5 exposed by destructing the coating layer 5B on the 
other end of the coated wire 5 at the connection portion is connected with the inner lead 3B of the lead 3 
That is, the other end of the coated wire 5 is so constituted that only the coating layer 5B for the connection 
portion with the toad 3 is substantially removed and other portion of the coating layer 5B is left as it is 
Destruction for the coating layer 5B at the other end of the coated wire 5 can be conducted, as described 
later by means of supersonic vibrations, appropriate pressurization and heating (energy) given from the 
bonding tool 16. 

H »■» ^ Jn the resin encapsulated semiconductor type device 1 using the coated wire 5. the metal 

SLSS ITTL ^ Wh * 5A at ono end of the wlre 5 * connected to the external 

terminal 2C of the semiconductor chip 2. and the metal wire 5A at the other end of the coated wire 5 
exposed by destructing the coating layer 5B at the connection portion is connected with the inner lead 3B 
IIS C3Se ' since ** * ze 01 toe metal ball 5A, is large, it is possible to increase the area of 

contact between the external terminal 2C of the semiconductor chip 2 and the metal wire 5A of the coated 
wire 5. thereby improving the bondability between both of them. In addition, since the other end of the 
coated wire 5 except for the portion to be connected with the inner lead portion 3B of the lead 3 is covered 
with toe coating layer 5B, it is possible to reduce the short-circuit between the other end of the coated wire 
5 and the otherend of other coated wire 5 in adjacent therewith. Accordingly, a distance between leads 3 
can be reduced to provide a multi-terminal arrangement (so-called, multi-pin arrangement) for the resin 
encapsulated semiconductor device 1. 

f ™ 8 i° P en f, ° f t0 °' 16 a "d toe coated wire 5 in the supplying direction (portion for 

forming toe metal ball 5A,) are so constituted that they are covered by a covering member 18A upon 
forming the metal ball 5A, as shown in Figs 3 and 4. The covering member 18A is constituted so as to 

TZJ°JT y d ' reCti0n °* arrow * shown 'n Fig. 4. That is. the covering member 18A is 

constituted so as to insert the bonding tool 16 through a tool insertion port 18B and cover the tool by the 
rotational operation in the direction of arrow A upon forming the metal ball 5Ai 

The covering member ISA is constituted as shown in Fig. 5 (partial cross sectional view illustrating a 
specific constitution, which corresponds to the cross section along line V - V in Rg. 6). Fig. 6 (plan view 
along tte direction of arrow VI in Fig. 5) and Fig. 7 (cross sectional view taken along line VII - VII in Fig 6) 
As slated teter, the covering member 18A is so constituted that the coating layer 5B does not scatter to the 

SIS "? « e f a ° n l 2 l V ** b ' OWin9 M ° f * e . COating layer 58 ** is melte ° u P wa ™ly upon forming the 
metal ball 5A, Further, the covering member 18A is so constituted that an anti-oxidation sealing gas 
atmospher (shielding gas atmospher ) can easily be maintained in a case where the metal wire 5A of the 
coated wire Sis made of easily oxdizable material such as Cu or Al. The covering member 18A is made, for 
example, of stainless steel. Further, the covering member 18A may be made of transparent glass material 
so that operators can observe the state of forming the metal ball 5A, of the coated wire 5 etc 

At the bottom of the covering member ISA. an electric torch (arc electrode) 18D Is disposed as shown 
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in Figs 3. 4 and 5. As shown in Rg. 8 (schematic constitutional view for explaining the principle of forming 
the metal ball), the electric torch 18D is disposed closer to the metal wire 5A at the top end of the coated 
Tn c* 0 " 5? su f py 9 sid8 soasto Senerate an arc Ac between both of them thereby forming the metal 
ball 5A,. The electric torch 18D is made, for example, of tungsten (W) capable of withstanding high 
x©m pQrsturo. 

The electric torch 18D is connected by way of a suction tube 18E to a suction device 19 made of 
e ectroconductw material to an arc generation device 20. The suction tube 18E is made, for example, of 
stainless steels, to which the electric torch 180 is secured by way of a bonding metal layer such as of Ag - 
Cu soldenng material. The suction tube 18E is secured by way of a clamping member 18F to the covering 
member 18A That is. the electric torch 18D. the suction pipe 18E and the covering member 18A are 
formed integrally. 

The electric torch 18D is arranged movably in the direction of arrow A shown in Fig. 4. so that it can 
approach the top end of the coated wire 5 on the supplying side during formation of the metal ball 5A,. 
wh.le apart from the supplying path of the coated wire 5 during bonding step. The moving device for 
moving the electric torch 180 mainly comprises a supporting member 18G for supporting the torch 180 by 
way of the suction tube 18E and an insulation member 18H. a crank shaft 181 for rotating the support 

"IZTS. !" direCti ° n ° f arr0W A and a drivin 9 source 180 for rotating the crank shaft 181. The crank 
shaft 181 is rotated by the movement of a shaft 18J of a driving source 18K connected to the crank portion 

iT^Z^J^ B \ ?!, dHvin a S0UI * 8 18K comprises, for example, an electromagnetic solenoid. 
The crank shaft 181 is rotatably supported to the bonding apparatus main body not illustrated The 
movement of the electric torch 18D and that of the covering member 18A are substantially identical since 
both of them are constituted integrally. 

As shown in Rg. 4, the arc generation device 20 mainly comprises a capacitor C,, an accumulating,- 
capacitor C*. an arc generating thyristor D actuated upon triggering and a resistor R. A DC voltage DC is 
constituted so as to supply a voltage at negative polarity, for example, of about -1.000 to -3.000 (V) The DC 
power source DC is connected to the electric torch 18D by way of the thyristor D. the resistor R. etc. The 
reference potential GND is. for. example, a grounded potential (=0 (V)). V is a volt meter and A is an 
ampere meter. 

As described specifically later, the metal wire 5A of the coated wire 5 is grounded at the top end 
thereof v^nd around the spool 11 to the reference potential GND. As a result, in the case of forming the 
metal ball 5A, at the top end of the coated wire 5 using the electric torch 18D. it is possible to set the 
electric torch 18D to a negative potential (-). while the metal wire 5A at the top end of the coated wire 5 in 
the supplying direction to a positive potential! +) as shown in Rgs 3. 4 and 8. 

In the bonding apparatus adapted to generate the arc Ac between the metal wire 5A at the top end of 
the coated wire 5 and the arc electrode 180. thereby form the metal ball 5A, at the top end of the covering 
wire S m this way. since the position for generating the arc Ac between the metal wire 5A of the coated wire 
5 and the electric torch 18D can be stabilised by connecting the metal wire 5A of the coated wire 5 to the 
positive potentiaf (+), while connecting the electric torch 18D to the negative potential (-). as compared with 
me case of connecting them at the opposite polarity, upward creeping of the arc Ac toward the rear end of 
the metal wire 5 of the coated wire 5 can be reduced. The reduction in the upward creeping of the arc Ac 
enables to reduce the upward melting of the coating layer 5B of the coated wire 5. thereby preventing the 
formation of a spherical insulative coating layer. 

In the present invention, the metal wire 5A of the coated wire 5 may be connected to a voltage higher 
or lower than the reference potential GND so that the metal wire 5A of the coated wire 5 has a positive 
potential relative to the electric torch 18D. 

The spool 11 around which the coated wire 5 is wound is constituted as shown in Figs. 4 and 9 
(exploded perspective view for a portion). The spool 11 is formed, for example, by applying alumite 
processing to the surface of cylindrical aluminum metal. The alumite processing is applied for improving the 
mechanical strength or preventing the occurrence of flaws. Since the spool 11 is applied with the alumite 
processing as described above, it has an insulative property. 

k w th ^ S ^ 1 V S f 30 *™* 10 3 Spo °' holder 21 and attached b V wa V of a r o te «onal shaft 21A of the spool 
holder 21 to the bonding apparatus main body 10. 

The spool holder 21 is made, for example, of stainless steel so that it has electroconductivity at least to 
a portion thereof. 

As shown in Rgs. 9 and 11 (enlarged perspective view for a portion), a connection terminal 11A Is 
disposed to the spool 11. The connection terminal 11A is disposed in a stop-like form to the side (flanged 
portion) of the spool 11 in contact with the electroconductive portion of the spool holder 21 

As shown in Rg. 10, the connection terminal 11A comprises a conductor 11Ab disposed above an 
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insulator 11 Aa and a connecting metal portion 11Ac disposed above the conductor 11Ab. The insulator 
11Aa is mad , for example, of a polyimide resin so that it can surely isolate electrically the conductor 11Ab 
from the spool 11 and. in addition, has an appropriate resiliency capable of reliably abutting the connecting 
metal portion 11Ac against the spool holder 21. The conductor 11Ab is mad . for example, of a Cu foil so 
that it can surely connect the connecting metal portion 11Ac for connecting the metal wire 5A of the coated 
wire 5 with the connecting metal portion 11 Ac in contact with the spool holder 21. The connecting metal 
portion 1 1 Ac is formed, for example, with electroconductive paste or soldering. 

The connecting terminal 11A is constituted such that the metal wire 5A at the end of the coated wire 5 
on the side opposite to that supplied to the bonding section 12. that is. the metal wire 5A at the beginning 
end of the coated wire 5 in winding is connected through a recess formed to the side (Hanged portion) of 
the spool 11. The metal wire 5A is connected by means of the connecting metal portion 11 Ac to the 
connection terminal 11 A. The coating layer 5B on the surface of the metal wire 5A at the beginning end of 
the coated wire 5 is removed by heating or chemically. The connection terminal 11 A. that is. the metal wire 
5A of the coated wire 5 is connected to the reference ground GND by way of the spool holder 21 the 
rotational shaft 21 A thereof and the bonding apparatus man body 10. The reference potential GND is the 
same as the reference potential GND for the arc generation device 20 described above. 

By disposing the connection terminal 11A to the spool 1 1 for connecting to the reference potential GND 
and connecting the metal wire 5A at the beginning end of the coated wire 5 to the connection terminal in 
this way. since it is possible to connected the wire to the reference potential GND by way of the spool 
holder 21. the metal wire 5A of the coated wire 5 can surely be connected to the reference potential GND 

Further, by connecting the metal wire 5A of the coated wire 5 to the reference potential GND. since a 
sufficient potential difference can be secured between the electric torch 18D and the metal wire 5A of the 
coated wire 5 on the supplying side thereby making the generation of the arc Ac satisfactory upon forming 
the metal ball 5Ai, It is possible to surely form the metal ball 5Ai. 

As shown in Figs 3 and 4. the bonding tool 16 is supported by way of a bonding arm 16A to a bonding 
head (digital bonding head) 22. Although not illustrated, a supersonic vibration device is incorporated in the 
bonding arm 16A so as to apply supersonic vibrations to the bonding tool 16. The bonding head 22 is 
supported by way of an X-Y table on a substrate 24. A moving device capable of vertically moving the 
bonding arm 16A (In the direction Of arrow C) is disposed to the bonding head 22, so that the bonding tool 
16 can approach and apart from the bonding section 12. The moving device mainly comprises a guide 
member 22A, an arm moving member 22B. a female threaded member 22C, a male threaded member 22D 
and a motor 22E. The guide member 22A Is so constituted as to move the arm moving member 22B in the 
direction of arrow C. The motor 22E is constituted so as to rotate the male threaded member 22D. move 
tiie female threaded member 22C meshing with the male threaded member 22D by the rotation in the 
direction of arrow C and then move the arm moving member 22B in the direction of arrow C. 

. The bonding arm 16A supported by the arm moving member 22B rotates around a rotating shaft 22F 
The rotation of the bonding arm 16A around the rotational shaft 22F as the center is controlled by a resilient 
member 22Q. The rotation of the resilient member 22G is controlled such that the bonding section 12 can 
he prevented, from undergoing unnecessary pressing when the bonding tool 16 abuts against the bonding 
section 12 thereby preventing damage or destruction caused to the bonding section 12. 

The wire clamper 15 can put the coated wire 5 therebetween and control the supply of the coated wire 
5. The wire clamper 15 is disposed by way of the clamper arm 15A to the bonding arm 16A. 

The wire guide member 14 guides the coated wire 5 supplied from the spool 11 to the bonding section 
12. The wire guide member 14 Is disposed to the clamper arm 15A. 

As shown in Figs.3 and 8. a fluid blowing nozzle 18C of a fluid blowing device 25 is disposed near the 
top end of the coated wire 5 in the supplying direction and near the supplying path of the coated wire 5 
between the bonding tool 16 and the bonding section 12. The fluid blowing nozzle 18C is constituted so as 
to blow a fluid Gs from the fluid blowing device 25 to the portion of forming the metal ball 5A, (metal wire 
5A and the coating layer 5B) when it is formed from the metal wire 5A at the top end of the coated wire 5 in 
the supplying direction. The fluid Gs is blown out from the fluid blowing nozzle 18C, as shown in Fig 8 so 

uf^ 9 °^ tin9 ' ayer 58 me!ted u P ward| y b V *e heat generated from the arc Ac upon forming the metal 
oall 5Ai with the metal wire 5A at the top end of the coated wire 5. 

It is. basically, necessary for the fluid blowing nozzle 18C that it blows the fluid Gs to th top end of the 
bonding tool 16, that is. to the top end of the coated wire 5 as described above and the nozzle is disposed 
to the covering member 18A in this example. As shown in Figs. 4 through 7 specifically for the sfructur , 
the fluid blowing nozzle 18C is so made as to blow the fluid Gs from the rear end to the top end of the 
coated wire 5 so as to reduce the upward melting of the coating layer 5B. It is preferred that the fluid 
blowing nozzle 18C Is not attached to the bonding tool 16. If the fluid blowing nozzle 18 is attached to the 
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bonding tool 16, the weight of the bonding tool 16 is increased to make the load for the supersonic vibration 
greater thereby reducing the bondability in the connection portion. 

As th fluid Gs. gas such as N 2 , H 2 , He. Ar, air, tc.. is used, which is supplied from a fluid blowing 
devic (fluid source 25) by way of a cooling device 25A, a flow meter 25B and a fluid conveying tube 25C 
to the fluid blowing nozzle 18C. 

The cooling device 25A is so constituted to positively cool the fluid Gs to lower than the normal 
temperature. The cooling device 25A comprises, for example, an electronic cooling device utilizing Pz 
effect As shown schematically in Fig. 8, the fluid conveying tube 25C is constituted so as to cover at least 
the portion between the cooling device 25A and the supply port of the fluid blowing nozzle 18C with a heat 
insulating material 25D. That is, the heat insulating material 25D is used not to change the temperature of 
the fluid Gs cooled by the cooling device 25A during transportation in the fluid conveying tube 25C (for 
improving the cooling efficiency). 

Further, the suction tube 18E connected to the suction device 19 is disposed near the top end of the 
coated wire 5 in the supplying direction, that is, at a position opposed to the fluid blowing nozzle 18C 
around the upwardly melting portion of the coating layer 5B of the coated wire 5 as the center. As has been 
described above, while the suction tube 18E is used also as the conductor for connecting the electric torch 
18D with the arc generation device 20. it is mainly constituted so as to suck the upwardly melted coating 
layer 5Ba of the coated wire 5 and blown out by the fluid blowing nozzle 18. The coating layer 5Ba sucked 
by the suction tube 1 8E is sucked to the sucking device 1 9> 

In this example, a ceramic heater 26 for locally heating only the inner lead 3B of the lead 3 to a 
temperature higher than that for other portions is disposed in the form of a square frame-like configuration 
as shown in Figs. 2 and 11, in order to bond the other end of the coated wire 5 to the inner lead 3B of the 
lead 3 more reliably (second bonding). Reference 26A denotes a power supply line to the square frame-like^ 
local heating heater 26. 

Then, the wire bonding method of this example is to be explained simply. 

At first, as shown in Figs. 3, 4, 5 and 8, the bonding tool 16 and the top end of the coated wire 5 in the 
supplying direction protruded on the pressing side thereof are covered with the covering member 18A. The 
covering is conducted by the moving device operated by the driving source 18K by moving the coverage 
member 18A in the direction of arrow A. By the covering with the covering member 18A, the electric torch 
18D and the fluid blowing nozzle 18C can be disposed respectively near the top end of the coated wire 5. 

Then, as shown in Rg. 8, the arc Ac is generated between the metal wire 5A at the top end of the 
coated wire 5 in the supplying direction and the electric torch 1 8D to form the metal ball 5A t from the metal 
wire 5A. The insulative coating layer 5B at the top end of the coated wire 5 in the supplying direction is 
melted upwardly by the heat of the arc Ac. by which the metal ball 5Ai is formed. That is. the coating layer 
5B at the top end of the coated wire 5 in the supplying direction is removed to expose the metal wire 5A. 

The metal ball 5Ai is formed in a period of time as short as possible. When the metal ball 5Ai is 
formed in a short period of time at a high energy (in the region of high current and voltage), the upwardly 
melting amount in the coating layer 5B of the coated wire 5 is reduced. The metal ball 5Ai can thus be 
formed in a short time at a high energy by stabilizing the generation of the arc Ac as described above, that 
is. by setting the electric torch D to the negative potential (-), while setting the metal wire 5A of the coated 
wire 5 to the positive potential ( + ). 

Upon forming the metal ball 5Ai, the fluid Gs is blown to the upwardly melting coating layer 5B of the 
coated wire 5 from the fluid blowing device 25 by the fluid blowing nozzle 18C. the position of which is set 
together with the covering member 18A, to blow out the coating layer 5B as shown in Fig. 8. The blown out 
coating layer 5Ba is sucked by way of the sucking tube 18E to the sucking device 19 and removed out of 
the system. 

The fluid Gs from the fluid blowing nozzle 18C is cooled, for example, to about 0(* C) - 10( " C) by the 
cooling device 25A shown in Fig. 8. As the temperature of the fluid Gs from the fluid blowing nozzle 18C is 
lower, the upwardly melting amount of the coating layer 5B of the coated wire 5 is decreased. That is, since 
the fluid Gs cooled by the cooling device 25A can positively cool the metal wire 5A and the coating layer 
5B of the coated wire the bonding tool 16. etc., only the coating layer 5B for the arc generation portion is 
melted while leaving the coating layer 5B in the other portion not melted as it is and, as a result, the 
upwardly melting amount of the coating layer 5B can be decreased. 

Then, the covering member 18A, of the electric torch 18D and the fluid blowing nozzle 18C are moved 
r spectively in th direction of arrow A (in the direction opposite to th abov ). 

Th n, the metal ball 5Ai form d at the top end of the coat d wir 5 in the supplying direction is 
attracted nearer to th pressing surface of the bonding tool 16. 

Then, the bonding tool 16 is brought closer to the bonding section 12 in this state and the m tal bail 
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3 J 2" ^ 6 . ^ Wire 5 in ^ supplyin 9 directfon is connected »»h *e externa) 

JK^^TKPf" chip 2 by ** bondin9 *■ 16 indicated by dotted ,in ° in R 9- 2 »* 

ba " 5A * is connected * ™* * the supersonic vibrations and/or hot-press bonding of 

* inn » «fT tLR I '** meta, «t e 5A 31 me rear ^ <^ the coated wire 5 is connected with the 
inner lead 3B of We lead 3 by means of the bonding tool 16 (second bonding). The rear end of the coated 
ww 5 * connected by means of ultrasonic vibrations and/or hot-press bonding of the bonding tool 16. 

23nJSZ l S "* 5 ^ *• ^ l6ad 38 ^ fim,,y «***^ * thi second 

10 eJOJ?* ™ nS T ^ "!!, "V* ° f 916 ^ Wire 5 ' a,thou 9" me ooated wire 5 in the connection 

f ° 0vered " ith the '^r 5B. the coating layer 58 is destructed only for the 

connecton portion to expose the metal wire 5A by applying supersonic vibrations to the bonding tool 16 

to^ ^TT V r; n ? e d !f endin9 ° n *• eTOr9y 0f * e *■■■« « hot-press biding 

« ™ f L^l 9 ^ 0 ' 1 !' 818 thiCkneSS 0f 0,6 coatin 9 ,ayer 58 of ^ coated wire 5 is preferably, for 
ETC" 5?JT °f J° 3 / m> * ° f the coating layer 5 of the coated wire 5 is excess^ 

2L , Jf ^ V0na9& 38 * e inSU,ativ9 i3 ^ On the other hand, if me 

^k" 9 58 ° f ^ C ° 3ted Wire 5 is excessive| y thick, it is difficult to destroy Z 
SnfT- !! y th ^ U " raSOnic vibrations of the bonding tool 16. Then, if the thickness of the citing 
ayer SB exceeds a predetermined value, since the coating layer SB is no more destructed, connection 

E ST "* m6ta> Wir ° 5A * *• COated wire 5 — the inner lead 3B of me Td 1 

inne StSK ?f, end n 0f ^^ a * ed W ' re 5 (SeC ° nd bon *» in •* exam P ,e - sinc9 only the 
ZL % f h ? A" ,0Ca " y hea,ed to a temperature higher than that for other portions by the 
HSiSL * ^J^^POsftion of the coating layer SB can be promoted more by whicJ the 
bondabilrty in the second bonding can be improved to obtain firm wire bonding 

25 ^J^ 3 !^^ iS0,3tin9 * e °° ndin9 1001 16 (coated wire 5 is disconnected in this case), the first 
bonding step for the coated wire 5 is completed as shown in Fig 2 

wirel* SSS?^ in 816 bondin 3 technique of forming the metal ball 5A, at the top end of the coated 
STifJlI* flu^blowing nozzle 18C (as a portion of the fluid blowing device 25) is disposed near the 
» ^ 2? 5 , ,0r b ' 0Wln9 *• ,,U ' d GS t0 me to P end of ^ coated wire 5 the upward 

JTsSeS E^JSS TJ 58 ° f *° 00310(1 Wir ° 5 be b,0wn * ** «W*«Hy. tormatjon? 
2t?IrSL P 5^ T"" COatinQ layer 58 t0 ^ coated wire 5 can be prevented. As a result. 
SL 2£T^ ? ^ ^ ^ 5 fr ° m to the bonding too. 16 by the spheriS 

S^^^STTT 0 - 1 ^ 58 30(1 coat ed wire 5 can be attracted To the pressing surfaceTf 
_ the bonding tootle the ball bonding can be conducted and the bonding failure can be prevented. 

?£? ° ndln9 , teC ^ qUe ° f f0rmin9 metal ^ 5A ' at the top end the coated wire 5 

^ « j S S2j£^ ! 5P ° Sed n03r *" t0p end 0f ^ coated wire 15 ,or sucking the coating 
L ZSJ* It, »T ,0W ? 0Ut by *• bl0win9 01 1,19 fluid Gs f" 3 " 1 the fluid blowing nozzle 18C. I 
n nf E5? l tte upwardly melted coating layer SB of the coated wire 5 to prevent the formation 

!2hSnfS^ h ? * b ' 0Wn 0Ut COating layer 58a is not ottered to the bond^g section 

£*• $C3ttered C03tin9 teyer 5Ba can be prevented. Bonding failure due to the 
scattered coating layer SBa means, for example, such a case that the coating layer SBa is scaLed 
between me externai terminal 2C of the semiconductor chip 2 or the inner lead ^Tthe^ad 3*Ttnt 

> meteJ wire SA of me coated wire 5. to result in conduction failure between both of them 

Furthermore, in the bonding technique of forming me metal ball SA, at the top end of the coated wire 5 
smce the . flmd blowmg nozzle 18C (as a portion of me fluid blowing device 25) is disposeTan^c^ng 
device 25A for cooling me fluid Gs from the fluid blowing nozzle 18C is disposed near the top end l7Z 

► decreased and the coating layer SB. if it is melted upwardly, can be blown out. by which formation of the 

too ^JTZT- 6 ^hfl technique of using the coated wire 5. m metal ball SA, is formed at th 

2nfo2 2C S m a Uf S y,n9 ** ^ Wir ° 5> 1,19 "* 5311 is connected to the externa, 

in? ^semiconductor chip 2. me rear end (in me supplying direction) of me coat d wire 5 is 

SZved L me 1 W J *' in ^ f ° f th ° ,e3d 3 " 11,6 COatin 9 ,ayer 58 <* the contact portton 

Z Z 3 ?J 1 2 *T 2 ^ T 6 0th ° r 9nd ° f *• 00316(1 Wire 5 is connerted to ^ inner lead 3B of 
the lead 3. In mis way. me coating layer SB at me rear end of me coated wire 5 can be removed without 
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™ 2J! 22 f0f rem0 r i 9 J* °° atin9 ,ayer and ^^ly. « torch for removing the coating layer and a 

zsx&eu™ ^ e,c - can be * a «* - *~ - ~ ^ 

Particularly, In the semiconductor device 1 in this example, since a heat resistant polyurethane 

PO'yol ingredient and an isocyanate and containing constituent units derived from 
SJfEST? , ^ 601,9 Ske,t ° n iS USed ' 43,3 short - circuit - <**> short-circuit or inter-wire short-drcuit 
tZfy^Zli 6 ^ ^ by ** h8at deeom P° siti °" of «• coating layer SB can 

„ m3t Th3t ?'. after b °" dinfl ^ C0at6d Wire 5 38 described ^in-molding is conducted using the resin 
6 to manufacture a resin-encapsulated semiconductor device 1. In this case, if the distance 

SSTi^T^^ 20 ° f ^ ?emiConductor «P 2 «« the bonding portion of me inner Z 3B 
t hI ■? StoWn ' n R9 - 13> thiS may P 055 '^ ,oad 10 a so ^ alled ch'P touch in which the 
S fc^ .1 ? k^ 6 $ l ,COn r ! 9,0n ° f *• semiconduc tor chip 2 are brought into contact as shown in Fig. 
, S «T? ,S Wh ' Ch ^ 00316(1 wire 5 ^d the tab 3A are brought into contact as shown in 
Sin - ? 3 T ^ ^ mt8rW,re t0UCh 4,19 003190 5 « brou 9ht into contact with each other. 

f ,S ,aD e ? ° CCUr " *» ,9n9th * "» *• is increased to greater than 2.5 mm, or if the size 

of the tab 3A is excessively greater than that of the semiconductor chip 2 

rfJUSCr? t0UCn . Sh0U,d ^ me CoafnO layer SB of the coated wire 5 is destroyed by heat 
, fiSJK Jl? ! heat i 9 " erated from *e semiconductor chip 2. by which the metal wire 5A is 
. brought nto djrect contact w,th the semiconductor chip 2, causing chip short-circuit between the wire and 

SZltfSr** ?' P aS , Sh0W^ • f ° r 9Xampl9 ' Rg - H or 3 430 short-circuit failure between the wire 
and the tab 3A as shown in Fig. 16 and. further, inter-wire short-circuit between the wires to each other 

k J^T^r ^ m f )nduc ! or device 1 in this example, since the coating layer SB of the coated wire 5 
l^TL L „ S !f 1 n9at / esistant Pd'yurethane. even if chip touch, tab touch or interwire touch should 
occur as described above, short-circuit failure can surely be prevented 

^.r C L«° n - rn i n9 J he ?*? °i p ' wentin 9 »e short-circuit failure according to the present invention, 
explanation « to be made for the result of the experiment conducted by the present inventors for the 

5? tZ ZS+ZSr. encapsu,aaon 33 1 - ,n *? Experim9nta, 

Experimental Example 1 

,h a At J rSt " 9 materialS 38 Sh0Wn l3ter in Table 1 were b,ended at the ratio as shown in the table and 
22? J 15° f ^ 10 wWch 3 thermometer and a steam condenser were attached, and they were 
S?2d •££" T f nds of t^Phthalic add polyols P-1. P-2 and P-3. The ratio between 
aad and ethylene glycol, reaction time. etc. are also shown in Table 1. The end point for the synthesis 

^^ aS ,K determ i ned DaS6d °° fr 90 ' 9 * 03 ' reacti0 " «eter and an acidic value of JSJiSSS. 
In this case, the reaction was conducted at a reduced pressure if required 

mnJUS n* - ^ 3Cid P 0 '* 0 ' 3 P " 1 - p " 2 and P-3 obtained as described above and 

IZZ TJ%JZ PO»yo"s were used, and the polyol ingredients and the isocyanate ingredients were 

1 « rat, ° S 33 t° Wn in Tab ' 9 2 deSCribed ,3ter ' to DreDare ooafng compositions. Each of the thus 
compositions was diluted to 10% concentration by using a solvent, which was coated at 
SSL? J 06 5. circumferential surface of the wire main body, heated at 175'c for 21 min and 

apphec l«rth post^cunng at 170 C for 2 hours, to prepare an insulative coating layer comprising a heat 

SSSS^ST.^J" ,abriCated int ° 3 Wire - 77,9 bl9ndin9 r3ti0 of the y «,mpos P ition 9 and me 
property of the coating film In this case are shown in Table 2 described later 

™^Ln*™£ n6U ™l!* iP ^ With Wir9 b0nding 33 d9ScriD9d above by using the heat resistant 
potyurethane coated wire obtained as described above was molded with resin material to manufacture a 

semiconductor dev.ee m me states of with touch as shown in Fig. 13 (chip touch) end Fig. 15 (tab touch). 
Then, a temperature cycle test was conducted according to MIL-883B to carry out an experiment for 
comparing me short-circuit rate relative to the semiconductor device using a J£a*££T£Z£ 
cially available polyurethane. and the improvement made in the present invention was evaluated 
ch™I? T comparativ9 experiment was as shown In Figs. 17 and 18. That is, Fig. 17 shows the 

TS TSL^r I" S fi emiconductor ohl 'P ^ ^ coated wire in the chip touch state as shown in 

drcu-rt £ ^nZ h ? 9Ur6, 8 effeCt f0r Prev9ntin9 * sho^-circuit, that is. chip short- 

d '". me fe-m-conductor d vice using the h at resistant polyurethane coated wire 
according to the present invention as compared with the semiconductor device using the wir coat d with 
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the commercially available polyurethane. 

Rn *?? ZT* S J" Sh0rt - Circuit rate ^»«en the tab and the coated wire in the tab touch state shown in 
Fig. 15- Also .n this case a remarkable effect of preventing the short-circuit rate, that is. tab short-circuit 

S Z^SSml ^ ,conductor deyice usin9 - heat 1 po,yure »™ 

Next fte present inventors have made a comparative experiment for the wire in the state before resin 

£5S? m !? C ° ndit,0nS d6SCribed ,ater b6tWeen the ' esista " PolyurethaneSaTed w e 

accord ng to fte present invention and the wire coated with a commercially available polyurethane to 

, n 1ST £Tl reSi8tanCe and *• d69rada,i0n rate of 1,16 ■"*»■ results of m rCrimem 

25 Vari ° US eXPerimentS W 10 be 6XP,ained 38 2 5 Sng to 

Experimental Example 2 

;s 

The experimental conditions were as shown by the model chart in Rg. 19. That is. a constant load 1 1 o> 
was suspended vertically from the lower end of a coated wire 5 coated a? the outer 
insu ative coating layer (heat resistant polyurethane according to the prevent Irwentto oT^«^ 

«, XS5 ESEi^ 3A is brou9ht into - °" e tt^wZT c2 

r toad W WOffi - « 5 • Th . e0, 3 PreSSin9 f0rCe is hwizontel| y to the coated wire 5 at 

k 1^ 9 ° m * e S,de opposite t0 «>n«act portion of the tab edge and the tab 3A was 
vibrated vertically with 20 urn amplitude, to evaluate the abrasion, etc. of the coating layer 58 

w^ZSSSSST m £ 6 ?S defini " 9 1,16 "* number of frequency (c y c,e for ■» 

(vibration) Nft.ll fte coating layer 5B is destroyed by abrasion as the abrasion resistance. 

™* the heat resistance of the coating layer 5B was evaluated by measuring Nf after leavina it at 
high temperature of 150 C to 200' C. for 0 to 1.000 hours) ^ 

sur^sL^iLS a ^ th f T d *• ^ °' P^th^. thermal degradation can be 

temperature cycle life T- can also be improved remarkably by imidizing 

30 The results of the experiment are specifically explained. 

tavafffl^ rt~2 21 " Tfl-o 6 "' Sh0W . the heat gradation of the abrasion strength of the coating 

S5 liTESE?* £ « * ° (redUCti0n ° f *• freqUenCy for d65tro ^ mating layer 
x2L^Z!Tl « m *!? fi9UreS> in * e Coatin9 layer *** the heat resistant polyurethane 

accotfmg to fte present invention, it has been found that the reduction in the abrasion strenoft Nf was 
35 small even after fte elapse of time left at high temperature and the degradation in the cSteyeV wS 
extremely anall. Particularly, it has been found that the degradation ratein the reductioWtS Sen™ 
for ^ destroying fte coating .ayer 5B is less than 20 % after 100 hours, which ^eans ah eSeS 
advantageous characteristic for the coated wire. exiremeiy 
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^LZh^I 30 experiment «» a relationship between the temperature indicated on the 

£SS 11 d ?T*Z n rat9 '. that fe> me gradation velocity (ANF/100 hours) No - N 100 /100 hours! 
mdicated <»i the ordinate. Also in this figure, it can be seen that the degradation velocity is exLnelvZTn 
ttie case of the heat resistant polyurethane according to the present Invention as coSeo vlTe c£e of 
the commercially available polyurethane. w»p*«j wnn me case or 
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55 



the coSnJ ,SS! f w ;I ° V" 1 exper,ment showin 9 ■ relationship between the imidization rate for 
anri * !2£ i abscissa) and the degradation velocity, that is, the degradation rate (ordinate on the I ft) 
and ft peeling strength in the second bonding for the coated wire (ordinate on the right) 

InJ^TSLTT- ^ -'? b0nd " 19 iS 3 r6SUlt ° f 30 ex P eriment ™*"** ^ *e present 

sZn in iS, 9 ^ to ^ inner ' ead 38 ^thout previously peeling the coating layer 5B as 

shown in Rg. 2 by using a heat resistant polyurethan coated wire with a diameter : 0 = 25 am 

As apparent from Rg. 23. th imidization rate of about 1/3 for the coating layer Is preferred' for both of 
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the degradation velocity (degradation rate) and the peeling strength. 

Particularly, in the case of the heat resistant polyurethane coated wire according to the pres nt 
Invention, since the peeling strength in the second bonding portion is large, the bonding reliablity is high 
and an extremely advantageous effect can be obtained. 



w 
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Experiment Example 5 

Further, Fig. 24 shows # the result of an experiment showing a relationship between the temperature 
cycle amplitude (-55 - 150 C) and the temperature cycle test of the coated wire. As apparent from figure 
the life Too 0 f the coated wire with the commercially available polyurethane is about 400, whereas it is 
greatly improved to more than 4000 in the case of the heat resistant polyurethane coated wire accordinq to 
the present invention. * 
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Further, Rg. 25 is a graph showing the result of an experiment demonstrating the effect of adding a 
pigment to the coating layer of the coated wire on the degradation velocity (degradation rate). 

so According to the findings of the present inventors, when a metal ball is formed, for example, in a case 
of conducting the bonding by using the coated wire 5, since the thickness of the coating layer 5B is 
extremely thin, it is extremely difficult to confirm the upward melting or peeling thereof and it is almost 
impossible at least with naked eyes. In view of the above, the present inventors have found that if a 
pigment, for example, oil scarlet is added to'the coating layer 5B, the upward melting or the peeling thereof V 

25 can be observed visually (for example, by using an electron microscope), which is extremely useful. 

However, since excess addition of the pigment increases the degradation velocity (degradation rate) of 
the coating layer, the present inventors have made various studies to determine the appropriate amount 
thereof and the results are shown in Rg. 25. 

As apparent from the result of the experiment in Rg. 25, if the addition amount of the pigment is too 
much, the degradation velocity (degradation rate) of the coating layer is increased, whereas if the addition 
amount is insufficient, the foregoing merit by the addition of the pigment is lost. Then, in view of the two 
requirements conflicting with each other, the present inventors have made an earnest study and. as a result, 
found that the suitable addition amount of the pigment (oil scarlet in this example) is less than 2.0 % by 
weight and. particularly, from 0.5 to 2.0 % by weight. By adding the pigment within the above-mentioned 
range to the coating layer, it is possible to obtain a merit capable of visually confirming the upward melting 
or the peeling of the coating layer from the coated wire. 

The present inventors have obtained the following findings from Experimental Example 1, Experimental 
Examples 2 - 6, as well as various other experiments, studies, confirmation, etc. 

That is. the use of the heat resistant polyurethane of the above-mentioned composition according to the 
present invention as the coating layer of the coated wire is extremely useful for improving the thermal 
degradation or bondability of the layer and. further, for the improvement of the peeling strength of the 
bonding. 

In addition to the above, as apparent, for example, from Experimental Example 2, it is extremely 
important to use. as the constituent material for the coating layer such material that can reduce the thermal 
degradation (degradation rate) of the coating layer, that is, the degradation rate in the reduction of the 
frequency for destroying the coating layer at 1 50 * C - 1 75 # C after 1 00 hours to less than 20 %, through the 
temperature cycle test and the abrasion test under the experimental conditions in Rg. 19 for the coating 
layer. 

Furthermore, as the characteristics required for the coating layer, it is also extremely important that if 
the coated wire is actuaJly used for the wire bonding operation, it does not give undesired effect on the 
bondability. etc. As a result of the earnest study by the present inventors in this regard, it has been found 
that constitution of the coating layer with material showing no carbonization upon forming the metal ball in 
the ball bonding or upon removing the coating layer under heating. 

The reason is as described below. That is. the coating layer is melted upwardly just above the metal 
ball when the metal ball is formed r the coating lay r is removed by heating, if the coating layer is 
carbonizable. .t is not decomposed but carbonized at the heating temperature, for example, at a high 
temp rature of 1.060 C. As a result, since the carbonized coating layer is d posited to remain so as to 
cover the metal wire just above the m tal ball, the deposited carboniz d coating layer forms an obstacle 
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hand, rf toe deposited carbonized coating layer should drop by «JK«2v£ *to !fZ 
^.conductor chip for forming integrated circuit. eiectrocondUvity JS. 3 » Sc short 

me SrS"^ 9 ,nt69 ? e ?. ^ additl0n ' " h3S 3,80 *"* the coa^ XdeS»^ wTh 

2T* 2?"! ^ f ° r 6Xamp,e ' UP0n SeCOnd bondi "9 to ** lead 
If h « collectvely into consideration, it has been confirmed by the present inventors that 

w at 15? C 3ti0n in ^ redUCti0n of the frw ' uenc y ^ destroying the coating layS 

1 SJS h a r f ^ 1 °° h ° UrS iS ,6SS 20 % ' 33 we » 38 ^ material shows no LboSSSZ 

tl^TL^L^Z "I" r ttn9 ,' ayer iS rem0Ved by heafi "9' *• «W- capabte o^sfynS 
the two conditions can provide extremely satisfactory results as the coated wire ^ 9 

of h« ™!„ reSUlt I* 8 -f dy made by me present inventors - ^though the heat resistant polyurethane 

af Sbed STSSET "IT^ ° n ' y *° heat resistant Po'v^ethane with the composLn 
SJ?S?^ T >' * reS,Stant P 0 ^ 6 " 13 "^ of other compositions and. further, those materials 
other than the heat resistant polyurethane can also be utiiized as the preferred material SetS 

Referring to this, among the polyurethanes. commercially available polyurethanes and formal can eatteh, 

mP th^«I he Krf 8n i inVen,i0n iS fUrther described refernn 9 to vari0 «s other examples of the wire bondlno 
method utilizable for the present invention referring to Rg. 26 through 30 9 

inven^ol^^^ ™thod included in the present 

30 e-Ptoysdontheside o,^ 1 is 

removed prior to the second bonding ^nlTe^Zl^ ^ na ^Z T ^ 
bonding . coveted by means of holpress bonding ^ ^ 

remote 2.^25 "ST "If 9 " 271 B ^ h " iS ^ 31 *• *»« boning PorBon 5A, without 
ionm^ 

eXamP ' 9, ** ° f * e BrSt S6C0nd ta ** em P'°y *i identical bonding 

* in S SfT^t? 1 Si??" *t atth0U9h ^ firet *>«™ 5A ' ' * Wentica. with that 

us Ji^ZTJZ 10 R9 ' 29> 3 DOndin9 method of Piously removing the coating layer 5B is 

. To^Z^Z^n^^ b0 " din9 . is fP |ied * «he second boLg ZSSRSZ 
«n iuving me coating layer 5B in the same manner as in Examples 1-1 and 1-IH 

second coating layer 5C comprising other insulative material 

..^ mate K ria, for secon d ooating layer 5C. polyamide resin, special polyester resin special eooxv 
H» of co»„g Byer 5C can t» mad, to l MS tm IS. prMMy. «,„ „. 5 
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times of the thickness for the coating layer 5B. 

Although the invention made by the present inventor has been specifically explained referring to the 
examples, the present invention is not restricted only to such examples but various modifications are of 
course possible within a range not departing the scope thereof. 

For instance, materials for forming the coating layers 5B or 5C. for example, polyol ingredient, 
isocyanate, terephthalic acid, as well as the kind and the composition of the compounds and additives are 
not restricted only to those in the examples as described above. 

Further, the material for the metal wire 5A of the coated wire and the bonding method therefor are not 
res tricted to those in the examples described above. 

Further, the structure of the wire bonding apparatus used for practicing the present invention is not 
restricted to those in the examples described above. 

Although the foregoing explanations have been made mainly for the cases where the invention made by 
the present inventor is applied to the resin encapsulated semiconductor devices as the application field 
thereof, the present invention is not restricted only to them but is generally applicable, for example, to 
various other semiconductor devices such as ceramic encapsulated semiconductor devices, as well' as 
production techniques therefor. 

The effects obtained by typical inventions among those disclosed in the foregoing examples are simply 
explained as below. 

(1) In a method of manufacturing a semiconductor device, in which external terminals of a 
semiconductor chip and a lead are connected by way of coated wires each comprising a metal wire coated 
at the surface thereof with an insuiative coating layer, since the coating layer for the coated wire comprises 
a heat resistant polyurethane prepared by reacting a polyol ingredient and an isocyanate and containing 
constituent units derived from terephthalic acid in the molecule skeiton, and the coated wire is connected at 
one end thereof with the external terminal of the semiconductor chip while connected at the other end 
thereof with the lead, destruction of the coating layer due to thermal degradation can be prevented 
Accordingly, occurrence of electric short-circuit failure such as tab short circuit, chip short-circuit and inter- 
wire short-circuit of the coated wire can surely be prevented. 

(2) If the coated wire results in flextion or the like, neither cracking nor defoliation of the coating layer 
is developeci and a highly reliable semiconductor device with no wiring failure can be obtained. 

(3) Since the urethane bonding in the heat resistant polyurethane constituting the coating layer is 
decomposed into a bondable state at a bonding temperature or by means of the supersonic vibration 
energy upon usual wire bonding, firm bonding can be applied by means of hot-press bonding by usual 
heating and/or supersonic vibration. 

(4) Since the coating layer is not carbonized due to the reason as described above in (3), it can 
prevent the carbonization product from hindering the passage of the coated wire through the capillary or 
from dropping on the integrated circuit to cause electric short-circuit, as well as prevent the carbonization 
product from worsening the wire bondability. 

(5) Reliable wire bonding can be applied by the usual wire bonding apparatus by the reason 
described in (3) above. Particularly, by using the wire bonding apparatus as illustrated in the example, 
extremely reliable wire bonding can be conducted. 

(6) Upon connecting the other end of the coated wire to the lead, more reliable wire bonding is 
possible by heating only the wire bonding portion of the lead. 

(7) By adding a pigment by a predetermined amount to the coating layer of the coated wire, the 
upward melting or the removal of the coating layer when the metal ball is formed or the layer is removed by 
heating can be visually confirmed without damaging the characteristics of the coating layer, which is useful 
for the control and the inspection of the bonding. 

(8) Multi-terminal arrangement (multi-pin arrangement) can be attained for the semiconductor device 
using the coated wire by the constitution (1) as described above. 

(9) Electric short-circuit failure can surely be prevented by disposing the second insuiative coating 
layer on the coating layer of the coated wire. 

(10) In a method of manufacturing a semiconductor device, in which external terminals of a 
semiconductor chip and a lead are connected by means of coated wires each comprising a metal wire 
coated at the surface thereof with an insuiative coating layer,, since the coating layer of the coated wire is 
made of such material^ that the degradation rate in the reduction of the frequency for destroying the coating 
layer at 150 C - 175 C and after 100 hours is less than 20 % and that is not^carbonizable upon forming 
the metal ball or upon removing the coating layer, the electric short-circuit failure due to the degradation of 
the coating layer can surely be prevented. In addition, since the carbonization of the coating layer can be 
pr v nted, it can pr v nt that the coated wire , is hindered from passage through the capillary by the 
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T^JL^'V?T mn t Pr0dUCt PrSVSnt 1,19 conization Product from dropping on the surface of 

Z.SEiSSSS? e,e ^°« Ve ° bStaC,eS ^ ,ead * e,ectric ^ortS failure, as we?i 
prevent tttat the bondability is worsened due to the deposition of the carbonization product. 

a «nhnJI2 k" 3 semiro " ductor . device in *** external terminals of a semiconductor chip and a lead are 
rSi'rJT ° f COa f d Wires each cfin »* ta 9 a metal wire and an insulative coating ^ omm" 
the surface thereof, since the coating layer of the. coated wire is made of a heat resistant MhZ*L» 

S2£ s? sis r in r r ■* 30 isocyanate ^ coirs sa: 

units derived from terephthalic aad in the molecule skelton. it is possible to obtain a semiconductor device 
wrth no electnc short-circuit failure caused by the heat degradation of the coating , SemlCOndUctor dev,ce 
~~ JS ? 3 semic ° nduct °r device in which external terminals of a semiconductor chip and a lead are 
connected by means of coated wires each comprising a metal wire and an insulative coaZ W co£d o 

rate in the reduction of the frequency for destroying the coating layer at 150" C - 175" C and after nn 

rs 2So'f5 TH SlTL'Jr "° UP °" foi ^ *S *" o7L°removT; 2 

2?c£S L JK£l?^*!S S semiconductor device capabie of preventing electric short-circuit 
mm caused by the thermal degradation of the coating layer, as well as preventing hinderance for the 
passage of the coated wire through the capillary due to the formation and deposition me SnSn ZZ 
product short-circuit failure of the integrated circuit due to the dropping of the c^bonteati^^^ 
bonding failure due to the deposition of the carbonization product, ete prodMCt the 
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(2) Example 2 

as preTt Sc^" n,UStratin9 ** * —inductor device as Example 2 

used iXS!^^!^ i,,U5tratn9 *• confi9uration «* ,ead frame - — fr - -** 

-in the Sve^en^rerSf ^ * ' ^ i,,WS,raUn9 «* of a s - ic ^or chip 

so Fig. 35 is a perspective view illustrating a wire used in the example- 

Fig. 38 is an explanatory view illustrating the property of the wire- 
. R £- f * a schematic explanatory view illustrating an intermediate layer forming apparatus used for 
coating the intermediate layer to the wire of the example- apparatus used for 

35 examplef' ^ W eXplanat0ry ^ tor co ' nsfitutio " ° f *e wire bonding apparatus used in the 

Rg. 40 is a plan view illustrating the surface of a die in the resin molding apparatus- 
« «. bieSlng ^ 7£Z 3 " «» "eat expansion coefficient and 

-^i"£S5KJ!S» 3 re,ationship *• * scoaty of * e resin in * 

blending^ ZSttttgZi * ^ ~ - * 

* the J£U SH0WS freqUehCy ° f tert,perature c * c,es * * Predetermined failure rate in comparison with 

cooJ^IZ^^Z^^ ^ - * -* nation state in PCX (pressure 

• pmduS^e 0 ^ 9 Chan9e nUmbSr ° f faHUreS b3S6d °" *• " umber of s P e ™ M*Q specific 

As shown in Rg. 32, a semiconductor device 201 in this example comprises such a structure as havint, 
a semiconductor chip 204 mounted by way of a resin paste 203 on a tab 202 whtehta * ml 

KSSWS 0 !? of f such 38 - epoxy resin - * *• insids of 2 25^asff!S5 

5 MtaL d ?££L , . P ^ i 6 ^ SrtU3t8d 31 the peri P he *» 01 1" 8 semiconductor chip 204 and the 
« 8f l63dS 3nd * e semicon d"ctor chip 204 are connected by way of looped wires 207 

Deta.ls for the connection by the wires 207 are to be described later 
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Fig. 33 before the resin molding step- 
That is, the lead frame 208 has a tab 202 supported at the center thereof by a tab-suspending lead 210, 
and leads 206 are extended radially at the periphery of the tab 202 while not in contact with the tab 202. 

The lead frame 208 of such a shape can be formed, for exampl , by fabricating an electroconductiv 
plate-like member of about 0.15 mm thickness made of iron-nickel (Fe-Ni) alloy, Kovar or 42 alloy into a 
predetermined configulation by means of etching or press-punching, etc. Gold (Au) soldering, etc may be 
deposited to the surface at the inner end of the tab 202 or the lead 206. 

The semiconductor chip 204 mounted by means of the resin paste 203 on the tab 202 has a structure 
as shown schematically in Fig. 34. That is, a silicon oxide film 21, of about 0.45 urn thickness is formed 
above a chip substrate 211 comprising silicon (Si) formed to a thickness of about 400 urn and, further 
thereover, a PSG film 213 as an inter-layer insulation film is formed to a thickness of about 0.3 urn. Further, 
a passivation film 214 is deposited to a film thickness of about 1.2 urn as a protection film to the uppermost 
layer, in which an external terminal 215 (bonding pad) of about 0.8 urn thickness made of aluminum (Al) 
disposed partially at the lower layer is exposed upwardly through an opening to a portion thereof. 

A wire 207 for connecting the external terminal 21 5 and the surface at the inner end of the lead 206 has 
a structure, as shown in Fig. 35, comprising a first intermediate layer 21 6A and a second intermediate layer 
21 6B in this example. In the sebsequent explanation, the first and the second intermediate layers are 
collectively referred to merely as an intermeidate layer 216. 

As a metal layer 217 constituting the axis of the wire 207, gold (Au), copper (Cu) or aluminum (Al) is 
used. , 

In the wire 207 of this example, the diameter of the metal wire 217 as the axis is about 25 urn and the 
intermediate layer 216 of a dual layer structure formed at the periphery thereof has a thickness of about 2 
urn. Accordingly, the entire diameter of the wire 207 is from. 29 to 30 urn. The total diameter for the wire 
207 is made not greater than 30 am, because the flow resistance is increased in the resin molding and the. 
possibility for the disconnection in the wire 207 is increased as described later if the wire structure has a 
diameter greater than the above. However, this does not necessarily means that a wire with a diameter of 
greater than 30 urn can not be used. 

As the first intermediate layer 21 6A disposed at the periphery of the metal wire 217, a heat resistant 
polyurethane resin is used in this example, which is formed by reacting a polyol ingredient and an 
isocyanate and contains constituent units derived from terephthalic acid in the molecule skelton. The use of 
the heat resistant polyurethane resin of the above-mentioned composition as the first intermediate layer 
21 6A is extremely useful in view of the thermal degradation, and the bondability of the first intermediate 
layer 21 6A, as well as for the improvement of the peeling strength of the bonding, etc. 

For the specific requirement for the characteristics of the first intermediate layer 21 6A, it is important to 
select those materials capable of satisfying the conditions that the degradation rate in the reduction of the 
frequency for destroying the intermediate layer is less than 20 % under the circumstance of 150 to 175* C 
and after 100 hours through the temperature cycle test, abrasion test under experimental conditions shown 
in Fig 36. etc. 

ft is further necessary that the material causes no disadvantage for the bondability when actual wire 
bonding operation is made to the wire 207. According to the result of the study made by the present 
inventor in this regard it is desirable to constitute the intermediate layer 216 with those materials showing 
no carbonizabiiity upon removal of the layer 216 by heating when a metal ball 218 described later is 
formed. 

The reason is as described below. That is, during removal of the intermediate layer 216 by heating 
upon forming the metal ball 218, the intermediate layer 216 is melted upwairdly above the metal ball 218. In 
this case, if the intermediate layer 216 is carbonizable, the intermediate layer 216 is not decomposed but 
carbonized under the heating temperature, for example, at high temperature condition of about 1.060* C. As 
a result, since the carbonized intermediate layer 216 is deposited to remain at the surface of metal wire 217 
while wrapping the metal wire 217 just above the metal ball 218, this constitutes adsorbed obstacles to 
cause clogging in a bonding tool 248 and in an extreme case, leads to wire curling and, furthermore, wire 
disconnection. 

When such facts are collectively taken into consideration, it is necessary that the intermediate layer 
21 6A for the wire 217 can satisfy at least the following two conditions. 

-At first, the degradation rate should be less than 20 % in the reduction of frequency for destroying the 
intermediate layer under temperatur conditions of from 150*C to 175*C and after 100 hours through the 
temperature cycle test or abrasion test under experimental conditions shown in Rg. 36, etc. 

Next, the intermediate layer 216 has to be constituted with such material as showing no carbonizabiiity 
upon removal of the layer by heating when the metal ball 21 8 is formed. 
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Referring more specifically to the heat resistant poJyurethane as th constituent material for the first 
intermediate layer 218 satisfying th above-mentioned conditions, the heat resistant polyurethane is 
obtained by using a polymer ingredi nt comprising a terephthalic polyol containing active hydrogens as the 
main ingredient and an isocyanate. In this specification, "as the ingredient" means also the case where the 
5 entire portion consists only of the main ingredient 

The terephthalic acid polyol containing active hydrogens can be obtained by using terephthalic acid and 
a polyfunctional alcohol and through an esteiifying reaction by a customary method within a range of 
OH/COOH = 1.2-30 while setting reaction temperature to 70 - 250* C. Generally, those having an average 
molecular weight from 30 to 10,000 and containing about from 100 to 500 hydroxy groups and having 
io hydroxy groups on both terminal ends of the molecular chain are used. 

As the starting material for constituting the terephthalic add polyol there can be mentioned those 
aliphatic glycols such as ethylene glycol, diethylene glycol, propylene glycol, dipropylene glycol, hexane 
glycol, butane glycol, glycerine, trimethylol propane, hexane triol and pentaerythritol. Polyhydric alcohols 
such as 1,4-dimethylol benzene may also be mentioned In addition to the above. Among them, ethylene 
75 glycol, propylene glycol and glycerine are used particularly preferably. 

Although terephthalic acid is used as the carboxylic acid, amide acid or imide acid may also be used 
together if necessary. 

Further, dibasic acid such as imide phthalic acid, orthophthalic acid, succinic acid, adipic acid and 
sebatic atid,{ or polybasic acid such as 1,2,3,4-butane tetracarboxylic acid, cyclopentane tetracarboxylic . 
20 acid, ethylene tetracarboxylic acid, pyromellitic acid, trimellitic acid, etc. may be used together at such an 
extent as causing no reduction in the heat resistance. 

As the isocyanate to be reacted with the terephthalic acid polyol, there can be mentioned those 
obtained by blocking isocyanate groups of a polyvalent isocyanate having at (east two Isocyanate groups in 
one molecule such as toluylene diisocyanate and xylylene isocyanate with those compounds having active 
25 hydrogens, for example, phenols, caprolactam and methylethyl ketoxime. Such isocyanates are stabilized. 
Further, there can be mentioned those prepared by reacting a polyvalent isocyanate compound as 
described with a polyfunctional alcohol or polyhydric alcohol such as trimethylol propane, hexane triol or 
butane diol and blocking with a compound having active hydrogens. 

As examples of the. isocyanate compounds, there can be mentioned Millionate MS-50, Coidnate 2,501, 
30 2503, 2505, Colonate AP-St, Desmodule CT-St, etc. Then, as the polyvalent isocyanate, those having a 
molecular weight of about 300 to 1 0,000 are preferably used. 

In the present invention, a coating composition is prepared by using the starting materials as described 
above, which is coated on the metal wire 217 of the wire main body to a thickness of about several 
* micronmeters, thereby obtaining a wire 207 in which the periphery of the metal wire 217 as the wire main 
35 body 207 is insulated. In such coating, an intermediate layer forming apparatus 220 described later and 
illustrated in Fig. 37 may be used. The coating composition as described above may be obtained by 
adding, based on one equivalent of the hydroxy groups in the poiyoie ingredient, from 0.4 to 4.0 equivalent, 
preferably, from 0.9 to 2.0 equivalent of isocyanate groups of the stabilized isocyanate and a required 
amount of a curing promotion catalyst and, further, an appropriate amount of an organic solvent (phenols, 
40 glycol ethers, naphthas) to a solid content usually of from 10 to 30 % by weight In this case, additives such 
as an appearence improver, dye, etc. may be blended each in an appropriate amount if required. 

In the present invention, from 0. 4 to 4.0 equivalent of the isocyanate groups of the stabilized 
isocyanate is added based on one equivalent of the hydroxy groups of the polyol ingredient, because the 
' crazing property of the resultant insulated wire 207 is reduced if the addition amount is less than 0.4 
45 equivalent, whereas the abrasion resistance of the coating film is worsened if it exceeds 4.0 equivalent The 
curing promotion catalyst added upon preparing the coating composition is preferably from 0.1 to 10 part 
by weight based on 100 parts by weight of the polyol ingredient If the addition amount is less than 0.1 
parts by weight, the curing promotion effect is reduced and the coating film-forming property tends to be 
worsened. On the contrary, if the addition amount exceeds 10 parts by weight, the thermal degradation 
so property of the resultant heat resistant urethane bonding wire is worsened. 

As the curing promotion catalyst, there can be mentioned metal carboxylate, amino acid and phenols 
and, specifically, zinc salt, iron salt, copper salt, manganese salt, cobalt salt and tin salt of naphthenic acid, 
octenic acid, versatic acid, etc., l,8-diazabicyclo(5,4,0) undecene-7,2,4,6-tris(dimethylaminpmethyl)phenol. 
After coating the coating composition as described above on the surface of the metal wire 217 as the wire 
55 main body by the intermediate layer forming apparatus 220 described later, it is baked in a baking 
apparatus 221 described later. 

The coating and baking conditions d scribed above vary depending on the blending amounts of the 
polyol ingredient, stabilized isocyanate, polymerization initiator and curing promotion catalyst, etc. but it is 
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usually from 4 to 100 sec at 200 to 300 *C. In short, baking Is conducted at a temperature and for a time 
sufficient to substantially complete the curing reaction for the coating compositi n, thereby obtaining the 
wire 207 in this example. 

As the result of the study made by the present inventor, et al, although commercially available 
5 polyurethan or formal, in addition to the heat resistant polyurethane of the composition described above, 
can satisfy the requirements for the no carbonizability, since their degradation rate under the foregoing 
conditions in the reduction of frequency for destroying the intermediate layer at a temperature from 150* C 
to 175* C, after 100 hours exceeds 20 %, they can not be said suitable as the first intermediate 216A. 
On the other hand, rt has been found that since polyimide, polyamide, nylon, polyester, polyamideimide 
io and polyesterimide show carbonizability upon forming the metal ball 218 or removal of the first intermediate 
layer 216 by heating, they have a drawback when used as the first intermediate layer 216A of the wire 217 
and can not be said suitable. 

The second intermediate layer 216B formed at the periphery of the first intermediate layer 216 is 
constituted with a fluoro-resin in this example. The fluoro resin has an excellent property in view of the 
15 releasability with other resin, for example, an epoxy resin constituting the package. Accordingly, after the 
resin molding described subsequently, the entire wire 207 can move finely in the cured resin 205 by means 
of the presence of the second intermediate layer 216B to provide such a structure that disconnection of the 
wire 207 is prevented even if the resin 205 as the package undergoes changes of shape by thermal 
stresses. 

20 Assuming such a case that the wire 207 has a structure only having the first intermediate layer 216, 
since the adhesion between the heat resistant polyuretane resin constituting the first intermediate layer 
21 6A and the epoxy resin as the resin 205 in the wire structure is excessively high, the wire 207 follows 
after the deformation due to even slight thermal stresses. As a result, flow of wire is caused and in a case if 
the resin molding is applied under the state where the tab 202 or the semiconductor chip 204 and the first 

25 intermediate layer 21 6A of the wire 207 are in contact with each other, the wire 207 is liable to be 
disconnected even with slight deformation caused by thermal stresses in the resin 205. 

In this regard, since the second intermediate layer 216B is disposed around the first intermediate layer 
216A by means of the fluoro-resin of good releasability in this example, the wire 207 can move finely in the 
resin 205 also after the resin molding. Accordingly, the wire does not follow after the deformation of the 

30 resin 205 caused by thermal stresses and the disconnection of the wire 207 can be prevented effectively. 

Formation of the second intermediate layer 216B described above can be attained by coating a molten 
fluoro-resin to the periphery of the first intermediate layer 21 6A. 

Then, the intermediate layer forming apparatus 220 for forming the first and the second intermediate 
layers 21 6A, 21 6B described above is to be explained specifically. 

35 The intermediate layer forming apparatus 220 in this example comprises, as shown in Fig. 37, a first 
storage reservoir 222A and a second storage reservoir 222B, in which baking devices 221, 222 are 
disposed corresponding to the sides of the storage reservoirs 222A and 222B respectively. The inner 
structure for the storage reservoirs 220A and 222B are explained below, in which the first storage reservoir 
222A and the second storage reservoir 222B are collectively referred to as a storage reservoir 222 unless 

40 otherwise specified and shown by an identical reference numeral for simplifying the explanation. The 
storage reservoir 222 contains a stored solution 223 at the bottom and has a wire passing space 225 
constituted thereabove at the inside thereof. The stored liquid 223 is a solution of a heat resistant 
polyurethane resin as the starting material for constituting the first intermediate layer 216 in the first storage 
reservoir 222, while the solution 223 is that of a fluoro-resin constituting the second intermediate layer 21 6B 

45 in the second storage reservoir 222. Further, heating means 224 are disposed at the periphery of the 
storage reservoir 222 (by means of heaters, etc.) for maintaining the molten state of the stored solution 223. 

At the inside of the storage reservoir 222, there are disposed a plurality of pulleys rotatable in the 
vertical plain along the sending direction of the wire 207 that passes in the reservoir within the wire passing 
space 225. Jhe puiley 226 is disposed such that the lowermost portion thereof is always immersed in the 

so stored solution 223 and a wire 207 (metal wire 217) as an object to be coated is laid under the uppermost 
portion thereof. In this example, the pulley 226 is made rotatable around a journal portion 227, so that the 
pulley 226 is also rotated interlocking with the axial movement of the wire 207 that passes through the 
storage reservoir 222. 

Accordingly, upon rotation of the pulley 226, a portion of the pulley 226 immersed in the stored solution 
55 223 is rotationally moved to the wire passing space 225 above while carrying a predetermined amount of 
the stored solution 223 on the surface of the pulley and, further, brought into contact with the wire 207. In 
this case, the stored solution 223 at the surface of the pulley is coated to the periphery of the wire 207. The 
baking device 221 disposed on the side of the storage reservoir 222 incorporates a heating source, for 
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xample, an infrared lamp or cartridge heater, so that the stored solution 223 deposited to the p riphery of 
the wire 207 in the storage reservoir 222 is heated and cured to a predetermined state. In this way, the 
stored solution 223 can be formed to the periphery of the metal wire 227 and baked to form the 
intermediat layer 216 by merely moving the wire 207 in the axial direction in this example. In this example, 

5 since the first storage reservoir 222 and the second storage reservoir 222 are disposed continuously, the 
intermediate layer 216 of the dual layer structure comprising the first intermediate layer 216A*and the 
second intermediate layer 21 6B can be formed extremely effectively. 

Although the first storage reservoir 222 and the second storage reservoir 222 are illustrated and 
explained in the foregoings such that each of them has a single reservoir structure, if a predetermined layer s 

io thickness can not be obtained only by using them, the layer thickness can also be increased by dividing the 
inside of the storage reservoir 222 into a plurality of divisional reservoir sections, continuously disposing a 
plurality of pulleys 226 in the axial direction of the wire 207 and coating an identical stored solution 223 for 
a plurality of times. 

Then, the wire bonding step by using the wire 207 obtained by way of the intermediate forming 
/ s apparatus 220 is to be explained. 

The wire bonding apparatus 230 used for the wire bonding step comprises, as shown in Fig. 38(a), an 
X-Y stage 232 on which a bonding head 231 as a driving mechanism is mounted, a bonding stage 223 on 
which the lead frame 208 is mounted and a control section 234 for controlling the operations of them. 

The control section 234 is adapted to conduct overall control for the wire bonding apparatus 230 
20 constituted, for example, with a microprocessor or a microcomputer system comprising a memory as a 
system capable of conducting bonding operation in accordance with the operation conditions set by an 
operator. 

The bonding stage 233 has a heating source such as a heater, so that the lead frame 208 mounted on 
the bonding stage 233 is heated to a predetermined temperature condition. 

25 On the other hand, a vertically movable block 235 is disposed elevatably along a guide shaft 236 
disposed vertically to the X-Y stage 232 at the inside of the bonding head 231 on the X-Y stage 232, and a 
bail screw mechanism 238 for translating the rotation of a servo-motor 237 secured to the bonding head 
231 into a linear vertical movement is disposed on the side of the movable block 235. Accordingly, the 
movable block 235 is made vertically movable by a predetermined amount along with the rotation of the 

30 servo-motor 237. 

The movable block 235 has a bonding arm 240 rotatable within a vertical plain around a rotational axis 
and so constituted that the rear end of the bonding arm 240 is biased resiliently upward in Fig. 38 by 
resilient means 241 such as a spring secured to the movable block 235 and a counter clockwise resilient 
force is exerted to the bonding arm 240 along with the operation of the movable block 235. The resilient 

as means 241 is so constituted that when the bonding tool 243 is abutted against the external terminal 215 of 
the semiconductor chip 204, unnecessary pressing for the external terminal 215 can be prevented so as to 
prevent the damages and destruction of them. 

Also, a supersonic oscillator 242 is disposed to the rear end of the bonding arm 240 so that a 
predetermined supersonic energy can be transmitted to the bonding arm 240. in this example, operation of 

40 the supersonic oscillator 242 is controlled by the control section 234. 

A bonding tool 243 is disposed being suspended vertically and downwardly to the top end of the 
bonding arm 240, to which the supersonic energy is transmitted. A wire 207 supplied from a wire spool 244 
by way of an air back tensioner 245, a sprocket 246 and a clamper 247 is inserted through the bonding tool 
243 with the top end thereof being protruded slightly. 

45 There is a bonding space 251 at the top end of the bonding tool 243 partitioned by a cover 250 
interlocking with an electric torch 248, and a fluid blowing no22ie 252 is protruded into the bonding space 
251. The fluid blowing nozzle 252 is connected with a fluid source so that a cooling fluid 253 such as 
nitrogen gas or ionized gas can be supplied to the bonding space 251 . 

The electric torch 248 has a suction port 254 formed at the torch surface thereof and the suction port 

so 254 is connected with a suction tube 255 for supporting the electric porch 248. The suction tube 255 Is 
further supported by a support member 256 and the support member 256 is made rotatable by a rod 258 
protruded from a driving source 257 comprising an electromagnetic solenoid and a crank shaft 260, so that 
the cover 250 and the electric torch 248 can be arranged at the top end of the bonding tool 243 only when 
required upon wire bonding. 

55 In the constitution of the apparatus described above, when the X-Y stage 232 is actuated in a state 
where the lead tram 208 is positioned on the bonding stage 233, the bonding head 231 is moved 
horizontally by a predetermined amount, and th bonding tool 243 is situated at a predetermined position 
just above the semiconductor chip 204. 



25 



EP 0 355 955 A2 



-Si 



10 



20 



The driving source 257 is actuated in this state and the suction tube 255 is displaced to a state where 
the top end of the bonding tool 243 is covered with the cover 250. 

Then, when a high negative voltage of about -1 .000 to -3,000 (V) is applied to the electric torch 248. arc 
discharge is generated between the electric torch 248 and the wire 207. by which the top end of the wire 
207 (metal wire 217) is melted to form a spherical metal ball 218 (refer to Rg. 38b). In this case the 
intermediate layer 216 formed around the wire 207 is melted upwardly from the top end of the wire 207 by 
the heat of the arc discharge, by which the portion of the intermediate layer 216 is removed and the surface 
of the metal wire 217 is exposed. 

It is desirable that the metal ball 218 is formed in a period of time as short as possible. Further by 
forming the metal ball 218 by means of high energy (high current, high voltage) the amount of upward 
melting of the intermediate layer 216 can also be suppressed. Such a state can be attained by stabilizing 
the arc discharge. In this regard, arc discharge can be stabilized by setting and maintaining the reference 
potential (GND = 0 (V)) for the metal wire 217 of the wire 207 on one side while setting a negative voftaqe 
of about -1 .000 to -3,000 (V) to the electric torch 248 as described above. 
is Further, when the metal ball 218 is formed, a cooling fluid 253 is supplied through the fluid blowing 
nozzle 252 to a bonding space 251 surrounded by a cover 250. The cooling fluid 253 is blown to the wire 
207 in the bonding space 251 . by which the intermediate layer 216 melted upwardly at the periphery of the 
metal wire 217 is scattered, and the scattered intermediate layer 216 is removed out of the system by way 
of the suction port 254 of the electric torch 248 and the suction tube 255. The cooling fluid 253 from the 
fluid blowing nozzle 252 is cooled by a cooling device, for example, to about -10 to 0*C As the 
temperature of the cooling fluid 253 from the fluid blowing nozzle 252 is lower, the upward melting amount 
of the .ntermediate layer 216 of the wire 207 is decreased. That is. since the wire 207, the metal wire 217 
the intermediate layer 216. the bonding tool 243. etc. can be cooled posi lively by the cooling fluid>253 the- 
intermediate layer 216 can be melted only in the arc-discharged portion with no effect on other portion of 
the intermediate layer 216 (without excessively increasing the upward melting amount). 

After the metal ball 218 has been formed as described above, the driving source 257 is again actuated 
to rotate the suction tube 255, and the cover 250 is retracted from the periphery of the bonding tool 243 
and the top end of the bonding tool 243 is left open. 

In this state, when the servo-motor 237 for the bonding head 231 is actuated by a predetermined 
amount and the ball screw mechanism 238 is moved downwardly, the bonding tool 243 is landed on the 
surface of a predetermined external terminal 215 on the semiconductor chip 204(referto Fig.34). 

When the supersonic oscillator 242 is actuated under the control from the control section 234 in the 
landed state, the supersonic energy is transmitted by way of the bonding arm 240 to the bonding tool 243 

In this case, the metal ball 218 is bonded to the external terminal 215 by the synergistic effect of the 
urging force from the movable block 235. the supersonic energy and heating from the bonding stage 233 
(first bonding). " 

Then, when the servo-motor 237 is driven in the state where the supersonic energy is kept to be 
applied, the bonding tool 243 is lifted above the semiconductor chip 204. In this case, since the top end of 
the wire 207 (metal ball 218) is secured to the external terminal 215 as described above, the wire 207 is 
w delivered by a predetermined amount along with the lifting of the bonding tool 243. 

Successively, when the X-Y stage 232 is actuated, the bonding tool 243 moves horizontally along the 
path shown by the dotted chain In Rg 34. Also in this case, the wire 207 Is delivered from the top end of 
the bonding tool 213. In this case, there may be a possibility that the wire 207 suffers from deformation 
such as bending in the bonding tool 243. However, since the supersonic energy is continuously applied to 
the bonding tool 243 upon delivery of the wire 207, the deformation of the wire 207 in the bonding tool 243 
is prevented. Further, since continuous application of the supersonic energy can make the delivery of the 
wire 207 smooth, damage, disconnection, etc. of the wire 207 caused by the blocking of the wire 207 upon 
delivery can also be prevented. 

Then, when the bonding tool 243 is lowered along the direction of Z-axis by the actuation of the servo- 
motor 237. the top end of the bonding tool 243 is landed on the surface at the inner end of the lead 206 
(inner lead) with the wire 207 being led out The lower portion of the wire 207 is brought into contact with 
the surface at the inner end of the lead 206 in a vibrated state by means of the supersonic energy under 
continuous application, by which a portion of the intermediate layer 216 is destroyed and removed 
Subsequently, as the supersonic energy is applied continuously, the metal wire 217 exposed as described 
55 above and the surface at th inner nd of the lead 206 are bonded (s cond bonding). 

Subsequently, unnecessary excess portion of the wire 207 is cut off and one cycl step of wire bondina 
is thus completed. 

Then, explanation is made to the resin molding step for the lead frame 218. for which wire bonding has 
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thus been completed, in conjuction with an apparatus used therefor. 

As shown in Fig 39, a resin molding apparatus 261 used in this example comprise a top force 263 held 
to an upper fixing platen 262 and a bottom force 265 supported on a lower movab. platen 26?MoWs 266 
shown in Fig. 40 are respectively dispos d to the top force 263 and the bottom toMiS!S 
5 • face bang opposed to each other, the details thereof being described later 9 
The fixing platen 262 is supported above the stage by a plurality of support posts 268 disoosed 
vertical* from a substrate 267. and a transfer cylinder 284 to which sorting material for tte resin IS t 
charged in the state of a tablet 283 is disposed above the fixing platen 262. The ST<q Ler Siffe in 
^ communication with a pot 285 disposed to the inside of the top force 263 and has such a sCcture doable 
w of pressing a plunger. A platen driving cylinder 288 is disposed below the substrate JSTveSv 

srs sr - p,aten driwn9 288 is — * a .sirs 

The mold 266 shown in Fig. 40 is made, for example, of metal material such as dice steel caoable of 
winding a molding temperature of about 180* C and a plurality of culls 270 co^n^g to S „o 

£ ™„ S £T °" from the figure, the resin mo.dinrappa?Jus 261 ft 

th» example .s a so-called multi-pot system having a plurality of pots 265. Each of theTulls 270 has a 

runner 271 of each of chaise units 272 detacheably mounted respectively 

^ The chaise unit 272 has a plurality of cavities 274 each connected by way of the runner 271 to the ™t« 

20 274 irT iCat,0n "* ^ ^ ,6ad 208 18 P ,aced — "WW 55 on *£SZ 

274. resin molding can be applied over a predetermined range V 

expiated". ^ in9redient ° f TeSin 205 38 ^ **" material f0f *• e** 3 ^ used in » is We is 

« ^Hl! ^"..f 5 iS made ° f a " 6p0Xy resin ^Position, which comprises a usual epoxy resin such as 
25 cre^novotek type epoxy resin, phenol-novolak type epoxy resin, bisphenol A epoxy rJHte 1 the ma^ 

SS H b ? 6rewith - fi " er and 38 scribed below. As VSS^S^Z 

menhoned phenol-novoiak resin as a curing agent for cross linking cure, a tarfary amfne aTa^rina 
promoter for promoting the cure. Br-cdrrtaining epoxy as a flame retaVdant or Sng EZhm flS 

oo 2EI w - 1**? fof ' mpr0Vin9 816 01089 betwl ^l 2^5 and 

S£ S£S."3Srj; 3 ^ 398,14 ^ faCi ' ita ^ thB *> m «* ** 266 after curing. 

The addition amount of the releasing agent is from 0.3 to 0.8 % by weight, desirably, as much as 0 4 to 
JL^LTf * 9 84316 0f 3 **** * en » 106 a™"* of the releasing agent is IncreaS Sve the 

^^J^\^ qUart pftwtor iS C0nt3in6d in *« flller - Su <* molten quartz powder is of a 
sphencal shape in which more than 90 % of the filler is within a range of the grain size of lessthan inn Tim 

SX^ff^ T***™ expressed by a * W££*tS2T: 

<o 25 qUartZ ^ iS b,ended ° y fr0m 65 to 75 % b * *£» on the 

acco!^^ 
R(Dp) = 100exp(-b = Dp") 

« ISS R n° P> repres f nt3 cumulated percent by weight (%) from the maximum grain size Dp to the qrain 
4S size Dp. Dp represents the grain size and b and n are constants 9 

Inthe above equation. R (Dp) is also referred to as the accumulated residual weight percent (%> 

JSlfS llZZFS* ^ di39ram mSanS in 1,16 ^n-^reqttionUcally 

. ^pressed by a straight line connecting two points in which ttie accumulated weight percent uo to the 

maximum grain s,ze lies at least within the range of between 25 and 75 % by weight GeneraMv whin Z 

equation, which .s said to show a substantial linearity in the RRS grain size diaqram that renr^Th! 
gram size distribution based on the above- mentioned equation 9 represents the 

aa c^L 8 ^ 031 m0lt l n qUartZ p0Wder having 81,(5,1 3 9 rain si2e distribution can be obtained for examole 
as shown in Japanese Patent Laid Open Publication No. She 59-59737. by supplying rugged mote? 

rss^crs to a « wd * , T!r srain si2e distributon VpSSTjss 

^rrasMnTng^ngTe: flame " SPrayin9 ^ ^ ^ b — hy ' 
When the spherical molten quartz powder, in which 90 % by weight or more is within a range of the 
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grain size of less than 100 am, and the slope n shows a linearity within a range from 0.6 to 1.5 if the grain 
size distribution is expressed by the RRS grainsize diagrams is blended as a filler to the epoxy resin in an 
amount from 65 to 75 % by weight based on the entire amount of the resin, the heat expansion coefficient 
of th resin 205 thus prepared can be restricted to less than 10 x lO^/'C. 

5 It will be understood easily that the heat expansion coefficient can generally be restricted to the above- 
mentioned value by increasing the blending amount of the filler in the entire resin. Fig. 41 illustrates a 
relationship between the heat expansion coefficient of the resin 205 and the blending amount of the filler. It 
can be seen also from the figure that the heat expansion coefficient of the entire resin can be restricted by 
increasing the blending amount of the filler. According to the figure, for restricting the heat expansion 

10 coefficient of the resin 205 to 10 x lO^/'C, the blending amount of the filler has to be about 75 % by 
weight 

However, according to Fig. 42 illustrating a relationship between the melt viscosity of the resin 205 and 
the blending amount of the filler, the melt viscosity of the resin 205, is relatively as high as 10,000 (poise) in 
a case where the resin 205 has expansion coefficient of 10 x 10-*/* C. In a case where the resin molding 
75 step is conducted at such a high viscosity, flow (deformation) of the bonded wire 207 occurs due to the 
resin viscosity, thereby causing bonding failure such as wire short-circuit, tab touch short-circuit, chip touch 
short-circuit, etc. Fig. 43 shows a relationship between the wire short-circuit rate and the blending amount of 
the filler. The figure shows a high wire short- circuit rate of 5 % if the blending amount of the filler is 75 % 
by weight in a case where a conventional wire 207 only composed of the metal wire 217 is used. 

However, in the wire 207 having the intermediate layer 216 in this example, the wire short-circuit rate is 
substantially zero within a range for the blending amount of the filler from 60 to 75 % by weight and it can 
be seen that the heat expansion coefficient of the resin 205 can be restricted only when the structure of the 
wire 207 having the intermediate layer 21 6 is employed. 

That is, since the intermediate layer 216 is disposed around the metal wire 219 in this example, if the 
wire 207 is brought into contact with other wire, the tab 202 or the semiconductor chip 204, electric 
insulation can be maintained by the intermediate layer 216. Accordingly, even if the flow of wire is caused 
more or less, electric short-circuit can surely be prevented. Accordingly, a package structure in which the 
heat expansion coefficient is substantially equal with that of the semiconductor chip 204, tab 202 and lead 
206 can be attained, by which defoliation at the resin boundary due to the difference in the heat expansion 
coefficient that is, crack in the resin 205 can effectively be prevented. 

the molten quartz powder used for the filler is made spherical, for reducing the apparent volume as the 
filler to attain high packing density and for preventing the damage to the chip surface due to the contact of 
the comer to the chip surface. The molten quartz powder is used because the molten quartz is easily 
available and the heat expansion coefficient is relatively small, which is effective for reducing the heat 
expansion coefficient of the entire resin 205. Furthermore, since the molten quartz contains extremely low 
ionic impurities, it can prevent the contamination to the chip surface and gives less effects on the 
characteristics of the device. 

The resin 205 is kneaded in a 2-shaft roll or an extruder heated a temperature from 70 to 100 * C into a 
semi-molten tablet 263 and then charged into the resin molding apparatus 261 . 

Then, heaters incorporated in the top force 263 and the bottom force 265 are actuated to heat the mold 
266 to a predetermined temperature of about 180* C. In this state, when the lead frame 208 as the molded 
object is placed while being positioned between the top force 263 and the bottom force 265, the platen 
driving cylinder 268 is actuated under the control of the control section 269, by which the movable platen 
264 is lifted to close the top force 263 and the bottom force 265. 

In a state where both of the forces 263 and 265 are closed, the mold clamping force is controlled, for 
example, to about 150 (ton). 

Then, when the transfer cylinder 264 is actuated and when a transfer pressure of about 75 (Kgf/cm 2 ) is 
applied to the tablet 263. the tablet 263 is injected under a high pressure from the cull 270 through the 
runner 271 and the gate 273 into the cavity 274 in a molten resin state by the synergistic effect with the 
heating as described above. 

In this case, the blending amount of the filler in the molten resin, i.e. the resin 205 is increased to 75 % 
by weight in this example in order to attain the heat expansion coefficient of 10 x lO^/'C as explained 
above (refer to Fig. 41). Along with the increase, the viscosity is also increased to a high vaJue of greater 
than 10,000 poise. In a case if the resin 205 at such a high viscosity is used for the injection into the cavity 
274, there is a possibility of causing clogging in th runner 271 and the flow of th wire due to the resin 
205. For the former problem, a multi-pot system is employed in this example to shorten the path of the 
runner 271 from the cull 270 to the cavity 274 and, in addition, since the resin 205 is injected from a 
plurality of pots 265 (resin supply sources) to each cavity 274, th transfer pressure in each of th plung rs 
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can effectively be transmitted to the resin 205. 

^ !° r *• ^tter problem since a wire structure comprising the intermediate layer 216 of the dual layer 

T^Z^fnr ? k" reSi " ' S US8d **' 6Xample ' 9ven if *• wire flow is ««• or less, 

or the wre 207 is brought into contact with the^ab 202 or the semiconductor chip 204. electric short-circui 
. can effectively be prevented. As described above, since the structure of disposing the hSSSmSSSS 
ate layer 216 around the metal wire 217 is employed in this example, wire bonding can be conducted 
no worry for the contact between each of the wires 207 or between the wire 207 and the tab 202 the 

srsrssss T 5 c - A r° rd L n9,y> «* « • <** bond* ^ i 

, 1 9 L° Vemd,n ? 819 tab-suspending lead 210 as shown in Fig. 33b. which has been difficult 

Pn0r 3rt T! te L Wire 217 wire >. * -» made possible to enhance the improvemen 

•n the performance and high integration degree in the semiconductor device 201 

for ^IT^T 208 < T ed Wi * 816 P 31 * 3 " by means 01 4,18 resin 205 38 *«**» ^ove is cooled 
cwlng ofthe Sn 205 temperature in the mold 266 and then taken out of the mold 266 after 

re Jrcte7to?o\?n- n / V ^k- 1 ? 6 semiconductor device ™> the heat expansion coefficient is 

ST2S?i- °. f , ' h ' Ch " substantial| y equal with *• ^at expansion coefficient of the lead frame 
^ d '" 9 y " d8v « ,0 P ment of cra <* ^"sed by the difference of the heat expansion coefficient can 
effecbvely be prevented even in a case of undergoing heat cycle after the resin molding. 

thi, I , ^l* 9 nUmber ° f heat Cyc,es m ** crack failure reaches 1 ° % in the resin 205 used in 

2£25r 9 r onJ 205 ^ ^ ^ M «" 159 5060 from *• «** «nce the heat ^ 
coefficient of the resin 205 .s restricted to 10 x 10- in this example, the number of cycles with which the 

crack failure reaches 10 % was 300 cycies. whereas the crack failure reached 10 % oSy ZZ* cycles ,S 
foNnsS^l" 8 '" 9 ** "** ^ -nCe ^ " eat expansion is as large as 19 x 10- 

ih« IirS^ J"^ * 9 C ? ck is restricted 38 dwcrtbed above, penetration of water content attributable to 
^IZ^Hl y M Tf "jf" 8,30 R 9- 44 shows a relationship between the penetration 

^tlT ^ £° P3Ckage "* * 8 fime Upon P racticin 9 PCT (Pressure^ooker-test) for the 
SCSiST"- * *" examP ' e 3,10 1,16 ^conductor device by the prior art 

Aaordmg to this figure, the water content (fluorescent liquid) reaches as far as the semiconductor chip in 

aS S hSTJ » ^ e ^ mirondu ^ d avice of the prior art. whereas the penetration of water reaches only 
£?«7!£L ^hSf^ 08 ° m * e eXterna ' e " d 9f 1,16 P 80 * 35 * 3 10 109 semiconductor chip 204 even 

at ht a SLShf ^ UfS ' n r iCOndUCt ° r d9ViC8 201 exam P ,e - h ■* wa y. this example 
aiso nas a remarkable effect in view of the corrosion resistance. 

On the other hand, Table 4 shows a comparison between the case of applying this examole to a 

me ? a bit dRAM (pack39e s * uc,ure: S0J: 0ut - Une J -^ d S&SEZZZ 

STnS? ^ J 8 T' ^ WhiCh th6 nUmber of ,Cs c **° is shown in comparison with the 

« £ \£2?? 10 * e ^ ^ ,CS W6re ° bS6rVed in 109 « *S «*> elaiV of 
eSL^f ?SS II <P,eSSU ^ ^ereas no failed ICs were detected even after the 

EZJZ ? iS9Xamp,9 -. ,n * iS W3y " m0isture proof re,iabi,it y is remarkably improved 

in which the intermediate 

Sin i r6Sin 3nd ^ P 301 ®" StnJCture due to «™ resin 2 "5 which is restricted 

regarding the heat expansion coefficient. - 

r^n n ^'! ,i0n ' ' l m ^ Structure of mis Wnd h a«n9 *e intermediate layer 216 comprising the insulative 
SET 3 WC T • that 8,9 Cl0S9 b ° nd3bi,ity betwem *• intermediate layer 216 and the resin 205 

ZT^t ? 9 m8t ?: ire 217 31 ^ inSid9 ° f ^ ^rmediate layer 216 may be disconnected even 
with the miner change of the thermal stresses in the resin 205. particularly in a case where the wire 207 
causes ch^p-touch However, since the intermediate layer 216 in this example comprises a dS ^ucfcre 
nclud.ng fte first intermediate layer 216A comprising a heat resistant polyimide resin JwSS 

ffr^^ 16 ^!" 9 3 flUOr ° r9Sin ° f 9XC9,,ent ^ieasability'property. the wire m£SSt 
follow after .the deformation of the package and the disconnection can be prevented by the releasino effert 
of the second intermediate layer 216B even if a thermal stress is applied to the package 

Although the invention made by the present inventor has been explained specifically referring to 

SET J? PreSent V ^° n iS " 0t reStnCted ° n,y 10 *" f0r990in 9 ex ^"P tes bu^anous changes Je 
possible within a range not departing the gist thereof. ^ 

™.i!!f^T' a ' tnou 9 n explanation has been made for the second intermediate layer 216B as it is 
constituted with a fluoro resin, other releasing agent such as silicon resin or silicon grease may also be 



Advantageous effects obtained by typical inventions among those disclosed in this exampl 
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explained simply as described below. 

That is, in the resin constituting the package, development of crack caused by the difference of the heat 
expansion coefficient can effectively be prevented. 

Further, disconnection of the wire caused by the thermal stresses in the package can effectively be 
prevented. 

In view of the abov , a resin molded semiconductor device of high reliability can be provided. 
(3) Example 3 

The constitution of a DIP type resin encapsulated semiconductor device as Example 3-1 according to 
the present invention is shown in Fig. 45 (cross sectional view for a portion) and Fig. 46 (plan view partially 
in cross section). Fig. 45 is a cross sectional view for a portion taken along line M in the resin encapsulated 
semiconductor device shown in Fig. 46. 

As shown in Figs. 45 and 46, in the DIP type resin encapsulated resin semiconductor device 301 an 
external terminal (bonding pad BP) 302 E and an inner lead 303B of a lead 303 are connected by means of 
a coated wire 305. 

The semiconductor chip 302 comprises a DRAM (Dynamic Random Access Memory) using as a 
memory cell, a serial circuit of a MOSFET for memory cell selection and an information accumulating 
capacitance element. In the semiconductor chip 302, a plurality of semiconductor sloments including the 
memory cell are integrated on the main surface of a single crystal substrate 302A as shown in Fig. 45. Each 
of the semiconductor elements is defined for the shape with an inter-element isolation insulative film (field 
insulation film) 302B formed between each of the regions and electrically separated from each other. 

Above the inter-element isolation insulative film 302B, there are successively laminated an interlayer 
insulation film 302C, an interlayer insulation film 302D, an externaJ terminal 302E. a protection film 
(passivation film) 302F and a barrier metal film 302H. 

The interlayer insulation film 302C is so constituted as to electrically separate a semiconductor element 
(for example, gate electrode or word line of MOSFET), and a first layer wiring for connecting semiconductor 
elements (for.^xample, data line) with each other. The interlayer insulation film 302D is so constituted as to 
electrically separate the first layer wiring and the second layer wiring (for example, shunt wiring short- 
circuited with the word line). The second layer wiring constitutes the external terminal 302E. 

A barrier metal film 302H is formed on the surface of the external terminal 302E. The barrier metal film 
302H is brought into contact with the surface of the external terminal 302I through an opening 302G formed 
to the protection film 302F. 

The thus constituted semiconductor chip 302 is mounted on the surface of a tab portion 303A of a lead 
303 while intervaning the adhesive metal (for example. Au-Si eutectic alloy or Ag paste) 302. A lead 303 is 
made, for example, of Fe-Ni alloy (alloy, for example, containing 42 (%) nickel). A tab 303A is connected to 
the lead frame by way of the tab-suspending lead 303 in Fig. 46. The tab portion 303A is constituted as an 
elongate rectangular shape corresponding to the plan shape of the semiconductor chip 302, and the tab- 
suspending lead 303D supports each of the shorter sides of the tab portion 303A and is extended in the 
same direction as the longitudinal direction of the tab 303A, 

A plurality of inner leads 303B are disposed on one side thereof to the periphery on the shorter side of 
the tab 303A of the lead 303. The inner leads 303B are electrically connected at the other end integrally 
with the outer leads 303C. The respective outer leads 303C are defined with functions respectively as 
shown In Fig. 46. That is, 1/01-1/04 are outer leads 303C (pins) for input/output signals. WE"is an outer lead 
303C for write enable signal. RaSHs an outer lead 303C for raw address strobe signal. Ac - As are outer 
leads 303C for address signal. OE is an outer lead 303C for output enable signal. CSSls an outer lead 
303C for column address strobe signal. 

Vcc is an outer lead 303C for power source voltage (for example, 5(V)). Vss is an outer lead 303C for 
difference voltage (for example, 0 (V)). 

The coated wire 305 is formed by coating the surface of a metal wire 305A with an insulator 305B as 
shown in Fig. 45. Gold (Au) is used for the metal wire 305A in this example. The metal wire 305A may be 
made of other materials than above such as copper (Cu) or aluminum (Al). For the insulator 305B a 
polyurethane resin or polyirnide resin is used in this example. Further, the insulator 305B may be formed of 
other resin materials than the above such as an ester imide resin or ester amide resin. 

The coated wire 305 is connected by way of a ball & wedge bonding method or wedge & wedge 
bonding method to the external terminal 302E. That is, a metal ball 305Ar formed with the metal wire 305A 
exposed by melting to remove the insulator 305B at one end of the coated wire 305 (top end on the side of 
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rSESIS JT f 6 ^ emal terminal 308501 * S9 ™'conductor *ip 302. The metal ball 305A, has 

5? hi k 1°*" 3 ° 5Al of the coated wire 305 is connected to the external terminal 302E by 

5 tondiS ° f C ° mbined ^ °' b0ndi " 9 With SUpefSOnic vibration < fir * 

A metal wire 305Aj exposed by destructing the insulator 305B for the connection portion at the other 

Si fJVSSS Zff* °r Site t0 ** ^ SUPPI ^ Sid9 > is connected L innt S 
c^!ecL wil„ ?" , 2£ ° f *• COated " to 3051 on,y 4,16 P ortion ^ tne insulator 305B 
» mST?J iT^S ■ ■ tead «° 3B J 8 Substan,ia,, y rem ^ leaving other portion of the insulator 

22 flSr 1 7™ ! ■ 05 3t * 9 ° ther 6nd 0f 1,16 C0ated wire 305 is connected with 

toe mne lead 303 by means of hot-press bonding by bonding technique or by hot-press bonding by 
bonding techmque used in combination with supersonic vibration (second bonding) 

In th.s way, .n the resin encapsulated semiconductor device 301 using the coated wire 305 since the 
surface of the metaf wire 305A is covered with the insulator 305. it is possible to prevent Lrt^curt 

• 2T£ T?J£ s 305, belween * 8 C0Btod wire 305 - the ---iSi^fSJSS 

szszx jes - *"* * a resuit> e,ectric reiiabi,ity ° f ^ resin 

^A FU »? er J" ^ I! 81 " enca P sulated semiconductor device 301 using the coated wire 305, the metal ball 

w ^^TtllT 1 ^ 9 ^ 2 ° ne 6nd ° f *" 00816(1 wire 305 is connected to the extend 
ST f 9 semiconductor chip 302 and the metal wire 305Aa exposed by destructing the insulator 

Z^£2ZZT P °*° n at *7 ^ ° f "* wYe 305 * """ected with IZlZfZ 

k^, 9y * S ' nCe 8,29 * 0,6 m9tal ba " 305A ' is ^se. it is possible to increase the area of 

beSnt^tH ^ f 3 ° 5A ' 8nd * eXternal ^ 302E improving the bonSlity 

between both of them, as well as since the other end of the coated wire 305 for the portion other than that 

SEE ^ h 0ther t inner K ,ead coated with the insulator 305B thereby 

crcurt^due to the contact between the.other end of the coated wire 305 and the other end of other ccafed 

SSL" r* 8 * th8reWith * ^ diStanC8 b8tWeen me inn9r ,9ads 3038 can be reduced 
mulb-terminal arrangement (multi-pin arrangement). provrae a 

The semiconductor chip 302. the tab 303A. the inner lead 303B and the coated wire 305 are 
o encapsulated with resin material 306 (for example, epoxy resin material). The resin materia 3 Tis formed 

2° ^ ^- 10 ^ OUter circumferential shape of the resin material 306) and coagulating the 

r ri e ghZz isfsr (9ate) of 4,16 moid is disposed 0,1 ^ side ° f ,he fab - susp8ndin9 SSS ^ 

5 ra J^ ° f * 9 5* 1 frame used in resin encapsulated semiconductor device 301. that is the 
£TZ£L^ h ? ^ * 9 C ° mer for of *• 60(13 °y *o punching to downward and facing 

» ?d^d£?!^fs 31 r ^ for eadi ° f 409 ends by ^ puncnin 9 to 35 ^ 

^ fnZn l^ " °' ^' ^ ,S ' ^'conductor chip 302 is mounted on the surface where the sags 
TrJn L by 1,19 PUnCning 01 1,19 180 ^ whi,e 1,19 coated wire 305 is connected on the 

TZTZT ** IT*,*?* COm ° r ° fth8 inner tead 3038 °y *• Pining. In me sagged portion 
chamfered ^ ** ^ ° f Sharp is moderated i" 81 2 •* * * 

If the surface with the burrs at each of the comere of the lead 303 is used, short-circuit is caused 

irSSE £ 47?" , 303 h ^ * e ^ ^ 305 in ^ r9Sin 9nCapSU,ated semZducS *iS3? 
ZTZ x^VZ ( 9 I Cr08S 89Cti ° nal Vi9W f0f 9 part) - That is ' 109 insulator 305B of the coated 
Hi h ^ 8 9Xamp,9) iS d9Stroyed by ** concentration of the stresses at the burrs due 

to the shnnking stresses of the resin material 306 and short-circuit is caused between me burrs 7t me 
corner of the tab portion 303A and the metal wire 305A of the coated wire 305 

the S'ri 1 ^" 9 w t° rt ' CirCuit rate b9tween tab ^ ^re) shows the short circuit rate (%) between 

cte J t k ^ W J r9 305 r9,atiV9 10 0,9 ^P 9 ^ cycle. As shown in Fig. 51. in a 

case .f toe surface with burrs at each of the corners of the lead 303 is used, the short-circuit rate is 

^ ° f *• ,6ad «* Sh ° rt - d - il is s — 'V caused even i? the 

0389 ° f USi " 9 th9 SUrface burrs 31 of me corners of the lead 303 the coated 
wire 305 ,s d-sconnected in the resin encapsulated semiconductor device 301 as shown In F^48 (en^ged 
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cross sectional view for a portion). Disconnection of the coated wire 305 is caused because of the stress 
concentration at the burrs due to the shrinking stresses of the resin material 306 in the same manner as 
described above. 

Rg. 52 {illustrating the wire disconnection rate) shows the disconnection rate (%) of the coated wire 305 
5 relative to the temperature cycle. As shown in Fig. 52. in a case of using the surface with burrs at each of 
the corners of the lead 303. the disconnection rate is increased along with the increase in the temperature 

T^JS*?* • in ** 0359 °' U5ing *" surface formed sa 9 s at ea <* of the corners of the 

lead 303. disconnection is scarcely caused even if the temperature cycle is increased. 

As described above, in the resin encapsulation semiconductor device 301 in which the external terminal 
o 302 of the semiconductor chip mounted on the tab 303A and the inner lead 303B are connected by way of 
the coated wire 305 and the coated wire 305 and the connection portion of the connected wire 305 are 
covered with the resin material 306. since the shape is moderated at least for the comer of the tab portion 
303A or the comer of the inner lead 303B on which the coated wire 305 is extended, thereby reducing the 
stress concentration due to the shrinkage of the resin material 306 to the portion of the coated wire 305 in 

^ Z 0 ™' ° f ** tab 303A or tne corner of «* inn * 'ead 303B. it is possible to prevent short- 
circuit between the tab 303A and the metal wire 305A of the coated wire 305 caused by the destruction of 
the insulator 305 or the disconnection of the coated wire 305. As a result, the electric reliability of the resin 
encapsulated semiconductor device 301 can be improved. 

Further, as shown in Figs. 40 and 50 (enlarged cross sectional views for a portion), since the 
) destruction of the insulator 305B or the desconnection of the coated wire 305 is caused also in a case 
where the coated wire 305 is brought into contact with the corner at the end of the semiconductor chip 302 
in the resin encapsulated semiconductor device 301. me shape for the corner of the semiconductor chip 
302 .s moderated at the portion where the coated wire 305 is extended. That is. the resin encapsulated- 
semiconductor dev.ce 301 is chamfered for the comer at the end of the semiconductor chip 302 
specjfically. for the comer of the scribing area at the peripheral portion of the semiconductor chip 302 so 

Srt SHaST ° f inSU ' at0r 3058 ° f ** ° 0ated Wire 305 W diseonnection of me coated wire 305 
Further as shown in Rg. 45. the trace of the coated wire 305 may be controlled such that it is not in 

Sn^tS-^T ° f ^ semiconductor chi P *° 2 > *e comer of the tab 303A or the corner of the inner 
lead 303B. that is.the portion where burrs are protruded. The trace for the coated wire 305 is controlled by 
means of the position for arranging the external terminal 302E of the semiconductor chip 302. the height of 

Th^ 305 ^ ** extemal terminal 302E. the connection position between the inner lead W 

and the coated wire 305, etc. 

As described above, in the resin encapsulated semiconductor device 301. since stresses due to the 
shnnkage of the resin material 306 are not concentrated to the coated wire 305 if the trace of the coated 
wire 305 « controlled such that it is not in contact with the comer of the semiconductor chip 302. the comer 
ofthe tab 303A or the comer of the inner lead 303B, it is possible to prevent short-circuit between the 
semiconductor chip 302 or the tab 303A and the metal wire 305A of the coated wire 305 due to the 
destruction the insulator 306B or the disconnection of the coated wire 35. As a result, electric reliability of 
the resin encapsulated semiconductor device 301 can be improved. Although the coated wire 305 causes 
no short-circuit, n principal, even if H is brought into contact with the semiconductor chip 302 and the tab 
303A respectively since the damage for the insulator 305B of the coated wire 305 or the disconnection of 
the coated wire 305 is actually caused as described above, the trace of the coated wire 305 is controlled for 
positively isolating it from the corner of the semiconductor chip 302 and the comer of the tab 303A in the 
present invention so that such failure can be prevented. Further, as shown in Fig. 53 (enlarged cross 
sectional v.ew for a portion), in the case of using the surface of the lead 303 from which the buns are 
profruded. the sharp shape of the buns is moderated (chamfered) as shown in Rg. 54 (enlarged cross 

SSleTfrSe 3 ' ^ *** ^ * m0d * tam ** examp,e ' by **** to me 

The present invention is also applicable in the same manner to a case where the lead frame is formed 
by etching. That ,s. the shape for each of the corners of the lead frame formed by the etching is moderated 
in the present invention. 

Furthermore, a shape-moderating member may be disposed to each of the comers of the lead frame 

nLof ! 9 f l h3Pe ° f SUCh V 0 *™ ,n present invention - ^ sha P e moderating member is 
formed, for example, by means of Ag or Au plating lay r or resin film. 

Example 3-II shows another embodiment of the present invention in which the development cost for the 
™" en ^Psulated semiconductor device is reduced. The method of forming the resin encapsulated 
semiconductor device in Example 3-II according to the present inv ntjon is shown in Figs. 55 and 56 
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(sch matic plan views illustrating each of the forming steps). 

The resin encapsulated semiconductor device of this Example 3-11 is formed as described b low 

ta J12%% S T, in F ?' f' 3 semiconductor 302 « mounted on a tab 303A. and external 
terminals 302E and Inner leads 303B are connected by means of coated wir s 305. Then, a resin 

' encapsu, f ted s ^ icP J^ uctor device 301 formed by encapsulating the semiconductor chip 302, etc. with 
resin matenal 306. That is in the resin encapsulated semiconductor device 301, the semiconductor chip 
302 is encapsulated with a first package (including the lead 303 and the resin material 306) 

h.* 3 T^Jf"* V s intended *° USe ™ identical semiconductor chip 302 (of identical function). 

« 2li„^ f T reS '" enca P sulated semiconductor device 1 is mounted or the arrangement for the 

22SL TT dtfferent ' 8 S6C ° nd padkaQB havi "9 an ^gement for leads 303 

22XT w Tl^ ^ arran 9 en,,ent ,or 019 terminals ^ the external devices, different from the 

12 ET^ ^ Preparedl Then • * Sh0W " in Rs - *• the identfca » semiconductor chip 302 
Si^f* T en , capsu,ated semiconductor device 301 described previously is mounted on the tab 

i teads S^^f h 9 k l Xtemal terminab 302E 01 ^ semiconductor chip 302 and the inner 

L f ^® connected ^ ^y of the coated wires 305. If the coated wire 305 is in contact with other 
coated v^e 305 in adjacent therewith or if it intersects me inner iead 303B or the tab-susp^nd!ng^ 

!Si . fH Z Sin ° e * e Wir6 does not cause short-circuit therewith. Then, the resin 

encapsulated sem.condu^or device 301 A can be formed by encapsulating the semiconductor chip 302. etc. 

S !Z 11; S*» r6Sin enca P su,ated semiconductor device 301 A. the semiconductor chip 
302 .dentjcal wrth that of the resin encapsulated semiconductor device 301 described previously is 
encapsulated within the second package different from the first package. Previous* 

~ -i*? o^' !" meth0d of formm9 1,16 resin encapsulated semiconductor device 301 using the 

mSnTUf ' h i SemiC ° ndUCt0r Chip 302 15 moun * >d 00 016 teb Norton 303A of the first package (chip 
SS,^ the external terminals 302E of the semiconductor chip 302 and the inner £ 303B are 
connected by way of the coated wires 305 to form the first resin encapsulated semiconductor device 301 
t TT : ^fl* )CWr chi P the semiconductor chip 302 of the first resin encapsulated 

222feZ «T 301 ' S m0Unt9d ° n *" teb P 0 ** «"* 01 a second P acka 9e. different from toe first 
package for the first resin encapsulated semiconductor device 301. and the external terminal 302 of the 
s^nductor chip 302 and the inner leads 303B are connected by way of the coated 7ei ,305 to fom ' 

Jf S, K- en o < ^ >S ^ ^iconductor device 301a, whereby the external terminals 302E of the 
semiconductor chip 302 and the inner leads 303B can be connected by way of the coated wires MS white 

£722 £L 3038 ^ term,na,S 302E <**» sem^duSr chTp i^ ^d *e 

HZ if ^L 03 " 1,6 C ° nneCt8d by f*««*0 the coated wires 305. Accordingly/a plurality kind of 
resin encapsulated semiconductor devices 301 and 301A can be formed respectively by usinq identical 
semiconductor chips 302 (stanoareization of the semiconductor chip 302) and uing diZnt tod of 
S22" "^J!"?" deveto P ment cost * the package is less expensive as !oJS2 wito tha 
2 ^T ,C ^ f 0 ' f? 3021 3 P ' Uraltty Wnd 01 resin encapsulated semiconductor devices 301 and 301 A 

2L2£T2h*' d9Vel ° Pin9 C ° St ' *" inStanC9t vari0UB resin encapsulated semiconductor 

SO nre as ,Pl"- ,nsert,on *Pe- *» example. DIP or ZIP type or plain mounting type, for example 

TZ^'ZZ^JPl™ be ^ by USi " 9 ° n,y 0ne identical Wnd of semiconductor chip 302 5 
a reduced developing cost in the present invention. H 

The resin encapsulated semiconductor device in this Example 3-11 is formed as described below 

M first, as shown in Fig. 55. the semiconductor chip 302 is mounted on the tab 303A of the lead 303 

and the external terminals 302B of the semiconductor chip 302 and the inner leads 303B are connected bv 

227£ ^ portion 303A ,s made somewhat larger 38 

2n! h . P i n « ,,ty 10,1(1 ° f se^-conductor chips 302 can be mounted. Then, by encapsulating the 
ZTiiT P i° 2, T "* ^ ^ 306 " r9Sin encapsulated semiconductor device 301 is 

2!2rf^L,» : »^ the resin encapailated semiconductor device 301. the first semiconductor chip 302 is 
mounted on the tab portion 303A of the lead 303 and encapsulated with trie resin material 306 

Then, as shown in Fig. 56. by using an identical lead (lead frame) 303 as that for the resin encapsulate* 
semiconductor device 301 described above, the semiconductor cri p JTtmSl SreTfntmte 
semiconductor chip 302 (a semiconductor chip, for example, of identical function buTof <S San2 
ment for the externa, terminals 302E) is mounted on the tab portion 303A. and th extem^m^ToS 

Even iZST^ • aBd *• ^ ' ^ 3036 C ° nneCt8d by way - 2 o^ed Trea 3ol 
in^iT^ r'!, S« S 000,301 With 0ther COated wire 305 edjacent therewith or if the wire 
andTSn it, h 8 h ? 30 ? ° r ^ ^Pending lead 303D. it does not cause short-circuit therewT 
matlrTnn ^ 38 *** ^ * enca P s ulating the semiconductor chip 302 with the resin 
matenal 306. a resin encapsulated semiconductor device 301 A can be formed. In the resin encapsulated 
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semiconductor device 301 A, the semiconductor chip 302 of the kind different from the semiconductor chip 
302 is mounted on the tab portion 303A of the identical lead 303 with that of the resin encapsulated 
semiconductor device 301 described previously and encapsulated with the resin material 306. 

In the method of forming the resin encapsulated semiconductor device 301 using the coated wire 305 
the first semiconductor chip 302 is mounted on the tab portion 300A of the lead 303 (chip mounting 
position), the external terminals 302E of the first semiconductor chip 302 and the inner leads 303B are 
connected by way of the coated wires 305 and then encapsulated with the resin material 306 to form the 
first resin encapsulated semiconductor device 301, while the second semiconductor chip 302 of a kind 
different from the first semiconductor chip 302 of the first resin encapsulated resin semiconductor device 
301 is mounted on the tab portion 303A of the identical lead 303 with that of the first resin encapsulated 
semiconductor device 301 , the external terminals 302E of the second semiconductor chip 302' and the 
inner leads 303B are connected by way of the coated wires 305 and the encapsulated with the resin 
material 306 to form the second resin encapsulated semiconductor device 301 A, whereby the external 
terminals 302E of the semiconductor chip 302' and the inner leads 303B can be connected by way of the 
coated wires 305 while intersecting other inner leads 303B, and the external terminals 302E of the 
semiconductor chip 302 and the inner leads 303B can be connected while intersecting the coated wires 
305, a plurality kinds of resin encapsulated semiconductor devices 301 and 301 A can be formed 
respectively by using an identical type of lead (lead frame) 303 (standardization of lead frame) and using 
different kinds of semiconductor chips 302 and 302'. As a result, since there is no more required to develop 
the lead 302 on every development for the respective semiconductor chips 302 and 302'. it is possible to 
form a plurality kinds of resin encapsulated semiconductor devices 301 and 301a at a reduced developing 
cost For instance, according to the present invention, a semiconductor chip 302' mounted on an SOJ type 
resin encapsulated semiconductor device 301 (for example, having an identical function and identical 
number of external terminals 302 but of different arrangement for the position of the external terminals 
302E) is mounted on a DIP type resin encapsulated semiconductor device 301 instead of a semiconductor 
chip 302 mounted on the DIP type resin encapsulated semiconductor device 301. thereby forming the DIP 
resin encapsulated semiconductor device 301 A in which the semiconductor chip 302' is mounted. 

Although the inventions made by the present inventor has been explained specifically referring to the 
example, the present invention is not restricted only to the foregoing example but various modifications and 
changes are of course possible within the scope not departing the gist of the invention. 

For instance, the present invention is also applicable to such a semiconductor device in which a 
plurality of semiconductor chips are mounted on the surface of a wiring substrate, respective terminals of 
the wiring substrate and external terminals of the semiconductor chip are connected by way of the coated 
wire by using ball & wedge bonding method or wedge & wedge bonding method, and at least the coated 
wire and the connection portion thereof are covered with a resin. The resin used in the semiconductor 
device is. for example, a polyimide type resin, which is coated by means of potting. 

Further, the present invention is also applicable to a ceramic encapsulated semiconductor device in 
which external terminals of a semiconductor chip and a lead are connected by way of coated wires and at 
least the coated wires and the connection portions thereof are covered with a resin and further encapsulated 
with ceramic material. 

Advantageous effects obtained by typical inventions among those disclosed in this example are briefly 
explained as below. 

In a semiconductor device using coated wires, damages to the insulator for the coated wires or the 
disconnection of the coated wires can be prevented to improve the electric reliability. 

Further, in a semiconductor device using the coated wires, the developing cost for the semiconductor 
device of an identical function with a plurality of kind of packages can be reduced. 

Furthermore, in a semiconductor device using the coated wires, the development cost for a plurality 
kind of semiconductor devices on which semiconductor chips of different functions are mounted can be 
reduced. 



(4) Example 4 

This example concerns details or modifications for the chamfering at the periphery of the upper main 
surface of a chip shown in the previous Example 3 which constitutes a portion of a semiconductor 
integrated circuit d vice shown in other preceding xamples and examples to be xplain d subsequently. 

This example is explained referring to Figs. 57 through 60. 
Fig. 57 is a cross sectional view for a wafer after completing the dicing step by semi-full cutting 
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system. In the figure, are shown a cutting groove 401 formed by a main blade, a bevelled portion 402 

formed by chamfenng blade, a device main surface 403 of a pellet an Si wafer substrate 404 an uncut 

portion 405 left after the cutting, an adhesive layer 406 and a resin sheet 407. 

R ferring to the dimension, etc. for each of the portions, they are: 5-20 urn for a. 5 - 20 urn b 20 -100 

urn for c. 200 - 400 urn for d and 5 - 20 urn for e. and 20* - 45* for a. 

Fig. 58 is a schematic cross sectional view for a portion illustrating the process for bevel chamfering 

dicing. In the figure, are shown a primary vertical cut groove 401 A formed by the main blade, a vertical cut 

groove 401 B formed by further applying bevel cutting, a chamfered portion 402 at the periphery of the chip 

formed by, the bevelling blade (auxiliary blade), an Si wafer substrate 404. an uncut portion 405 left after 

cutting, an adhesive layer 408. a sheet 407. a main spindle 408a. an auxiliary spindle 408B. a main 

rotational blade 409A and an auxiliary rotational blade 409B. 

Fig. 59 is a cross sectional view illustrating the state in which the wafer is appended on a frame by 

way of the resin sheet upon dicing. In the figure, there are shown an Si wafer 404 which is adhered with the 

device main surface being upward, a resin sheet 407 having the adhesive layer formed at the upper surface 

thereof and a circular frame 410 made of metai or resin (rigid). 

Fig. 60 is an upper plan view illustrating the device main surface of the wafer. In the figure, there are 

shown an Si wafer 404. an orientation flat 411. longitudinal scribe lines A, - As to be cut by the blade that 

is. avenues and lateral scribe lines Si - S 7 . that is. streets. 

The dicing process according to present invention is to be explained referring to Figs. 57 through 60 
As shown in Fig. 59. the wafer 404 after completing an electrical test (wafer test by means of a probe) 

at the stage of wafer is secured with the device surface being upward to the frame 410 by way of the 

adhesive sheet 407. 

Then, in this secured state, the lower surface is fixed by vacuum adsorption on an adsorption stage of a 
dicer (for example, dual dicer DFD-3D/8. manufactured by Disco Co.). Further, under this state, each of the 
avenues is successively cut by a rotary blade and. thereafter, the stage is rotated by 90 degree and then 
each of the streets is cut in the same manner by the rotary blade as shown in Rg. 60. In this case as 
shown in Fig. 58. the main blade 409a and the auxiliary blade 409b conduct cutting while being displaced 
by one block from each other so that the auxiliary blade follows after the main blade. The cutting is 
conducted by a so-called semi-full cutting method to leave an uncut portion of about several micron meters 
after the cutting. 

The wafer after completing the cutting is transferred to a die bonding step While being fixed to the 
frame 410. In the die bonding, the aimed chip is lifted from below the sheet 407 by a lifting pin and then 

IHUTT b I- 30 adsorption °° m ^Proaching from above the die pad of .th© lead frame and then applied 
wrtn ale bonding. rr 



(5) Example 5 

In this example, a bonding process as details or modifications for the partial step in each of the 
foregoing examples is to be explained. ♦ 

Rg 61 is a schematic view partially in cross section illustrating a portion of a coated wire bondiho 
device according to this invention. In the figure, there are shown a ball 501 having a diameter of about 70 to 
80 urn formed by aparted arc discharge, a coating removed portion 502 from which the resin coating is 
melted upwardly (20 -200 (im) by the heat upon forming the ball, a gas nozzle 503 for supplying a ball- 
formmg atmosphere, a discharge electrode 504 integrated therewith, a core material 505a for the bonding 
w.re. that is. a metal core, a coating layer 505b therefor, a capillary 506 (bonding tool) for thermosonic ball 
bonding (bal -wedge type) which can be applied with vertical pressure and applied with supersonic 
vibrations in the honzontal direction (in the direction of extending the bonding arm) There are also shown 
gas nozzles 507a and 507b for preventing upward melting, a successive of lead frame 508. integrated 
circuit ch,ps 509a - 509f die-bonded respectively on the die pads of the lead frame (in which wire bonding 
has been completed to the chip 509a). a heat block 510 for heating the lead and the chip, a tube 511 

T^^f 5 90 aS ,0 pass *• lead frame therethrough, an opening 512 formed on the upper 
portion of the tube for the wire bonding, a gas stream 521 for preventing upward melting, a ball-forming 
abnosphenc gas 522 for shielding the ball portion upon forming the ball and subsequent annealing, lead gas 

Sr tS^e^Sme 5233 " 523d Pr6Vertin9 0MsSi0n ° f * e lead frame ' etc - ^ transferring direction 
Tables 5 and 6 show various conditions upon bonding shown in Rg. 61 . 
Concrete process for the wire bonding is to be explained ref rring to Fig. 61 and Tables 5 and 6. 
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At first, in a state where the distance between the top end of the wire and the discharge electrode 504 
is kept constant while grounding the terminal end of the wire on the side of the spool to the earth, a pulse 
voltage is applied so that the side of the wire constitutes a positive electrode Then, arc discharge is 
generated between the top end of the wire and the electrode 504, by which the ball 501 is formed by the 
heat of the discharge and the coating at the top end of the wire is melted upwardly. In this case, the ball 
atmospheric gas 522 is blown from the side of the wire before and after the formation of the ball for 
preventing the oxidation thereof. On the other hand, the cooling gas 521 is supplied from above to the wire 
neck portion just above the bail for preventing excess upward melting of the coating during formation of the 
ball and till the upward melting of the coating is stopped. 

The ball cooled gradually from the ball temperature during electric discharge (higher than 1.000* C) to 
about 300 - 200 C in the ball-forming gas 522 is supplied to the wire bonding. When the formation of the 
ball has been completed, the electrode 504 is retracted, and the capillary 506 is lowered and intrudes 
through the opening 512 to the inside of the tube 511 to conduct first bonding (nail-head bonding to the A1 
pad on the chip 509b by thermosonic bonding). Successively, the capillary 506 moves while deliverying the 
wire 505 to the second bonding point on the corresponding lead. At this point, wedge bonding is applied 
while destructing the coating. In the course of the step, the inside of the tube is filled with the lead 
atmospheric gas. 

The bonding cycle for one wire described above is conducted within a time of about 0.1 to 0.3 sec. By 
repeating the foregoing cycle, bonding is conducted to all of the wires. 



(6) Example 6 

This example shows details or modification for a portion of the structure or the step In the precedinq- 
examples. 

Fig. 62 is a cross sectional view for a portion of a face mounted resin package in the present 
invention. In the figure, there are shown an Si substrate 602a (200 to 400 urn thickness) a final passivation- 
film 602b comprising Si0 2 (1 urn thickness), an Al bonding pad 602c (1 urn thickness; 100 urn x 100 urn 
square), interlayer insulation films 602d and 602e comprising PSG. etc. (0.5 to 1.5 urn thickness), a field 
Si02 film 602f formed by LOCOS oxidation (selective oxidation with SiN) (0.3 to 1 urn thickness), lead ', 
frames 603a - 603c patterned from a metal sheet, in which 603a is a die pad portion. 603b is an inner lead 
portion and 603c is an outer lead portion, an adhesive layer 604 for die bonding made of Ag paste, etc a 
bonding wire core material 605a, a coating 605d thereof, a iow stress resin material 606b shown in the 
previous example, a spot plated portion 607 for the lead inner end and a chamfered portion 608 at the chip 
end. K 

Table 7 shows materials for each of the portions in the specific embodiment of these resin encap- 
sulated devices, which are corresponded to those in Tables 5 and 6. 

It will be apparent to those skilled in the art that the various embodiments as particularly described 
above may provide one or more of the following: 

techniques for manufacturing a semiconductor device by using a coated wire, with less risk of short-circuit, 
chip short-circuit or inter-wire short-circuit due to the destruction of layer caused by the thermal degradation 
of the coating layer; 

techniques for manufacturing a semiconductor device by using a coated wire, capable of ensuring the 
bondability of the coated wire, particularly, the bonding strength between the coated wire and the lead; and 
without the techniques for manufacturing a semiconductor device by using a coated wire, capable of 
applying bonding with no bonding failure of usual wire bonding techniques; with improved techniques for 
manufacturing a semiconductor device by using a coated wire, capable of improving the reliability of the 
semiconductor device; 
and 

techniques for manufacturing a semiconductor device by using a coated wire, capable of providing a multi- 
terminal arrangement in the semiconductor device. 

It will also be apparent to those skilled in the art that the various embodiments as particularly described 
above may help prevent one or more of the following: 

cracking in a package-constituting resin r at the interface with constituent members such as a semiconductor 
chip or lead; 

disconnection of wires caused by thermal- str sses to the package; and 

destruction of th insulator for th wire or disconnection of the coated wire, thereby improving the electric 
reliability. 
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iTwill be further apparent to those skilled in the art, that the various embodiments as particularly 
descnbed above may provide one or more of the following: 

a technique in a semiconductor device using a coated wire, capable of reducing the development cost 

a resin encapsulated semiconductor device of excellent reteasability from the mold: • 

a resin encapsulated semiconductor device suitable for face mounting; 

a wafer dicing (peptization) method suitable for bonding using a coated wire; and 

to facilitate the manufacture of a resin encapsulated thin semiconductor device. 
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Table 1 



No 


1 pi 


Jt* - Z 


1 "DO 

1 


1 Terephthahc acid 
[(mol)g] 


(2.0) 332 

J — - 


(1.66)276 


(1.54)255 

|# 


I *1 Imide acid 






1 (CI flAI 9fl « 
1 \\J»\jO) Zo.O j 


1 Ethylene glycol 


1 (2.35) 146 "_ 


'(1.95)121 


| (1.90) 118 J 


I Trimethylol propane 




(0.58) 78 


| (0.57) 76 j 


1 Glycerin 


| (0.7)64.4 " 






1 Total 


542.4 ~ 


475 


1 477.6 "j 


[ OH/COOH 


1.7 


1.7 "j 


1.7 "j 


Theoretical reaction 
1 water (g) | 


36 0 


OQ Q 




Keacuon temperature 
(°C) 


170 - 240 


170 - 240 


170-240 


| Reactiontime (hr) 1 




■ 

6 j 


7 1 


*2 OH value I 


250 


258 J 


240 j 


Acid value 1 


4.0 


3.2 j 


4.5 ] 


OH equivalent 1 


224 


217 J 


234 



*1: Structural formula of imide acid 



HGOC 




COOH 



Mwt= 3 5 4 



*2: OH value: measured by acetylation method according to JIS 
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Table 3 





Linear expansion 
coefficient of resin 


Number of cycles reaching 
resin crack failure rate of 10% 


Device of the invention 


ioxio-«/*c 


300 cycles 


Device of the prior art 


19X1(T 6 / # C 


20 cycles 
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Table 4 



Specimen 


Number of failed IC/total number of IC 


PCTIOOh 


PCT300h 


PCT500h 


PCT1000h 


Device of the invention (wire intermediate layer) 


0/80 " 


0/80 


0/80 


0/8O 


Device in the prior art (not coated wire) 


0/80 


15/80 


4^0 


10/80 



75 



20 



25 



30 



35 



40 



45 



50 



55 

i 
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Table 7 Inner Lead Structure 





Wire 


• 

Lead substrate 
material 


Plating and other 
structure in second 
bonding portion 


1/4 


Au 


42 alloy 


Spot Ag plating 


2/5 


Cu 


Cu or Cu alloy 


Non-plating or pure 
copper spot plating 


3/6 


A€ 


42 alloy 


A€ sputtered film 



[Note 1] Serial Nos. (#1 - 6) identical with those in Table 5 
indicate that identical wires are used in accordance 
with identical conditions. 



Claims 

30 1. A method of manufacturing a semiconductor device in which external terminals of a semiconductor 
chip and a lead are connected by way of coated wires comprising a metai wire coated at the surface 
thereof with an insulative coating layer, wherein the coating layer for said coated wire comprises a heat 
resistant polyurethane prepared by reacting a polyol ingredient and an isocyanate and containing constitu- 
ent units derived from terephthalic acid in the molecule skelton, and said coated wire is connected at one 

35 end thereof to said external terminal of the semiconductor chip while connected at the other end thereof to 
said lead. 

2. A method of manufacturing a semiconductor device as defined in claim 1, wherein the coating layer 
at one end of the coated wire is removed upon forming a metal ball, and said metal ball is connected to the 
external terminal of the semiconductor chip. 
40 3. A method of manufacturing a semiconductor device as defined in clam 1 , wherein the one end of the 
coated wire is connected to the external terminal of the semiconductor chip by the combined use of 
supersonic vibration and hot-press bonding. 

4. A method of manufacturing a semiconductor device as defined in claim 1, wherein the other end of 
the coated wire is brought into contact with the lead and the coating layer at the portion of contact is 

45 destroyed, and the metal wire on the other side of said coated wire is connected with said lead. 

5. A method of manufacturing a semiconductor device as defined in claim 1, wherein the coating layer 
at the other end of the coated wire is previously removed prior to the connection of said the other end to 
said lead. 

6. A method of manufacturing a semiconductor device as defined in claim 1, wherein the wire bonding 
so portion of the lead is particularly heated locally upon connecting the other end of the coated wire to said 

lead. 

7. A method of manufacturing a semiconductor device as defined in claim 1, wherein a pigment is 
added by a predetermined amount to the coating layer of the coated wire. 

8. A method of manufacturing a semiconductor device as defined in claim 1, wherein a second 
55 insulative coating lay r is dispos d on the abov -m ntioned coating lay r of the coat d wire. 

9. A method of manufacturing a semiconductor device in which external terminals of a semiconductor 
chip and a lead are conn cted by way of coat d wires comprising a metal wire coated at the surface 
th reof with an insulative coating layer, wh rein said coating layer of said wire comprises material having a 
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Z^XT^ZTf % . in r6,ati0n "* ^ UCt ' 0n * for «• of said coating 

meta, ba,. or ^CS^ .ayef ^ ^ "* ^ "° Carb ° ni2aB ° n Up °" ""»** a 

' 5 ^VXSST* D ^aaTr^TJr hiCh ^ ^ formed on a —conductor 
mowed with" reS £212. 7 ° f n * - . 7* ^ "» ° f **» is 

between said metal w^d said Z S^S^^T?^ ^ * diSp ° Sed 

composition is controlled to less ton To " ,?^ C eXPanSK3 " ° f Said resin 

c«d L aXTSfof Sem ! conductor device » which external terminals formed on a semiconductor 

- t intile ESS r nected , by n of metal wires each havi " a 30 

resin ^SS^ i^? "S ^ ^ iS m ° ,ded ■» a 

than 30 urn and the teat ^11! 7 7* ** to*™** is not greater 
10-«/-C eXpa " S,0n ^cient of sad resin composition is controlled to less than 10 x 

30 comprised Sm^^Z^lZ IFf f7 h daim * wherein « *• ' 
prepared by SqTSSJ^S *T ^ Wth 30 inSulative resin comprising a polyurethane 
J^^^SSX^ *" " ,S0Cyanat6 Cd " s «^ from 

as resin formed therearound and a^cond iZ££L . '"Mediate layer comprising an insulative 

further formed to the outer C ° mPna ' 19 3 ^ * *^ 

. Peri K^f reS ' n ^ * 

one end of said metal wire orotrudari fr,T^T ^ u ^ by way of a metal wire - Press-bonding 
. to said external ^Z ST^^TJ^^ 2 ! T^ 9 10 °' applied wrth Nations 

delivery.r^d nSS wfre torn nf^S 5°' Wh " e maintainin9 Said su P ere ^ vibrations. 

.5 to said lead rttaZftT £S2 £l£ 2? ^ ?* b0 " din9 *• 0ther end °' said metal wire 

the expansion coeSeroS^ 

which not less than 90 %^w2t2 ^ h« ^7 ^ 35 4,10 fl,,er in 30 resi "' «" 
so grain size distribution SfteSn in^?^ 3,26 ° f leSS ,han 100 Um ' wnich such a 
exhibits a linear^wZ ^a^oe fromLto iT ? d 'S ri K bUti ° n eXpreSSed ^ RRS arain size d *9'am 
75 % by ^^SS^^Z n Wh ' Ch ^ fi,,6r ' S bl6ndad - ™»* 65 to 

an «n y er^^ device ' wWch ^ming 

■ Polyol ingredient and l i^TaSZ T^Z^lT^l V ^ prepared «V ' acting a 
molecule skelton around SSL^iTS? . COnstrtuen l un,ts derived »*in terephthalic acid in me 
chip and a lead by way o" SPSS. T' eXtemal t6rminal ° f a semi «>nductor 
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21. A method of manufacturing a resin encapsulated semiconductor device, which comprises forming 
an intermediate layer comprising an insulativ resin at the peri phery of a metal wire to obtain a wire, 
connecting a semic nductor chip mounted on a lead frame and a lead by using said wire, placing said lead 
frame in a mold in which a plurality of cavities are formed and injecting a molten resin under a high 

s pr ssure from at least two resin supply sources to the plurality of cavities in sad mold, thereby forming a 

22. A method of manufacturing a resin encapsulated semiconductor device as defined in claim 21 

wherein the resin supply source is a plurality of pots in communication with a transfer cylinder, tablets each 

composing the resin composition are charged in the plurality of pots and, thereafter, plungers disposed to 

io the respective pots are pressed in synchronization, thereby charging the molten resin under high pressure 
to each of said cavities. 

23. An intermediate layer forming apparatus for forming first and second intermediate layers at the 
periphery of a metal wire, wherein the apparatus comprises a first storage reservoir and a second storage 
reservoir disposed continuously, a pulley rotatable in a vertical plain is disposed in each of the storage 

rs reservoirs, the lowermost portion of said pulley is immersed in a stored solution, and a predetermined 
amount of the stored solution paddled , by said pulley at the uppermost portion thereof is brought into 
contact with sad metal layer to thereby form the first or the second intermediate layer at the periphery of 
said metal wire. ■ 

24. An intermediate layer forming apparatus as defined in clam 23. wherein baking means is disposed 
20 between said first storage reservoir and said second storage reservoir. 

25. A semiconductor device in which external terminals of a semiconductor chip mounted on a tab and 
a lead are connected by way of coated wires each comprising a metal wire coated at the surface thereof 
with an insulator and said coated wire and the connection portion of said coated wire are covered with a t 
resin, wherein the shape is moderated at the comers for the semiconductor chip, comers for the tab and the 

as comas for the lead within a range where said coated wire is extended is moderated. 

26. A semiconductor device as defined in claim 25. wherein said tab and said lead ae formed by 
punching, the semiconductor chip is mounted on the surface of said tab where burrs formed at the comers 
upon punching ae not protruded, and the external terminals of the semiconductor chip and the surface of 
the lead, in which burrs formed at the comers by said punching are not protruded, ae connected by way of 

30 the coated wire. • 

27. A semiconductor device as defined in claim 25. wherein the tab and the lead ae formed by 
punching, and burrs formed at the comers of tab and the lead by punching ae removed. 

28. A semiconductor device as defined in claim 25. wherein the comas for the semiconductor chip, the 
comas for the tab or the corners for the lead ae chanfered. 

35 29. A semiconductor device as defined in claim 25. wherein shape moderating members are disposed 
to the comers for the tab or to the comers for the lead for moderating the shape. 

30. A semiconductor device as defined in claim 25. wherein the metal wire of the coated wire is formed 
with Au. Cu, Al, etc. and the insulator is formed with a resin film such as of polyurethane resin, polyester 
resin, polyimide resin, esteramide resin, esterimide resin, etc. 

» 31. A semiconductor device in which external terminals of a semiconductor chip and a lead ae 
connected by way of coated wire each comprising a metal wire coated at the surface thereof with an 
insulator and the coated wire and the connection portion of said coated wire ae covered with a resin 
wherein sad coated wire is extended such that it is not in contact with the comers for the semiconductor 
chip, comas for the tab or the comers for the lead. 

s 32. A method of forming a semiconductor device by using a coated wire comprising a metal wire 
coated at the surface thereof with an insulator, which includes steps of mounting a semiconductor chip oh a 
first package at a position of mounting sad chip, connecting external terminals of said semiconductor chip 
and a lead by way of said coated wire to form a first semiconductor device, mounting a semiconductor chip 
identical with the semiconductor chip of said first semiconductor device on a second package of a kind 

o different from that of the first package for said first semiconductor device at a position for mounting sad 
chip, connecting the external terminals of said semiconductor chip and said lead by way of sad coated wire 
to form a second semiconductor device. 

33. A method of forming a semiconductor device by using a coated wire comprising a metal wire 
coated at the surface thereof with an insulator, which includes steps of mounting a first semiconductor chip 

> to a lead at a chip mounting position, connecting external terminals of said first semiconductor chip and a 
lead by /ay of said coated wir and applying resin encapsulation to form a semiconductor device 
mounting a second semiconductor chip of a kind different from the first semiconductor chip of said firet 
semiconductor device to a lead identical with the lead for said first semiconductor device at the chip 



46 



EP 0 355 955 A2 

1 1 



40 



o,« n J n9 P t 2 ton ' C0 " nectin 9 externa) terminate of said second semiconductor chip and said lead by way 
of sad coated wire and applying resin encapsulation to form a second s miconductor d vice 

u,*h^* V T"! ^T 10 38 dSfined ih C,aim 281 where,n * *"« wire * *• coated wire is formed 
wrth Au, Cu, Al. ete. and the .nsulator is formed with a resin film such as of polyurethane resin, polyester 
s resin, polyimide resin, esteramide resin, esterimide resin, etc. ^y**™ 
^■Jf. A r ser "f" ducto [ i d evice as defined in claim 27. wherein the metal wire of the coated wire is formed 

I'l • w " '"l ,he ' nsu,ator is formed *** a resin ' film such 33 Polyurethane resin, polyester 
resin, polyimide resin, esteramide resin, esterimide resin, etc. U"'ye=>«« 

36. A semiconductor device as defined in claim 28. wherein the metal wire of the coated wire is formed 

2n^2; £ • ^ T 1 ^ iS ^ ^ 3 TeSin fi,m SUch 38 of Po^rethane issin. pdy'ter 
resin, polyimide resin, esteramide resin, esterimide resin, etc 

^L^^^V^ 38 defin6d Claim 291 wherein «"» meta) wire of *» coated wire is formed 
wrth Au. Cu. AI. etc. and the insulator is formed with a resin film such as of polyurethane resin, polyester 
resin, polyimide resin, esteramide resin, esterimide resin, etc. polyester 

5 JJ J m0 ( ! din9 meth0 , d ° f ^'"9 a resin transfer molding for a semiconductor device, in which a resin 

ZZZS a M e T PSU '? n iS « eXtrUded fr ° m 3 cy,inder ' ***** into a «V and then cured therein to 
"*f a P° rton ° f a somiconductor device chip and a lead connected electrically therewith 

x^^zsr* of a re,eas,n9 a9ent in * e composi « on be,ore ■* ihe 

' % by weig , nt 0,d,n9 meth ° d * ^""^ ° ,aim ^ Wh * rein COnl8nt ° f "* releasin9 agent is ,ess man 0 6 
after^ng^S SJS * *"* ° f ^ imposition 

. J^^o^^^^ * Wherei " ^ conductor chip and the lead are 

^.rfS^h'^i!"^ f ** 8d 41 • wh orein the peripheral portion of at least one of the main 

surfaces of the semiconductor chip are chamfered. 

43. A method of manufacturing a semiconductor integrated circuit device havina • 
- (a) a semiconductor chip. . 

•(b) an'AI bonding pad disposed on the first main surface of said semiconductor chip 
periphery S d e^f! Xtend8d °" ** * SUrfa ° e ° f "* Conductor chip or the 

" con^L a « ! ^f ted , Wir ! h3 ! i ? 9 3 °° r? P ° rtiGn , W*8 ooPPor at a purity of 99.999 % or higher for 
connecting said pad and said lead, and • 

wherein^ 3 encapsulatin9 mater,al for encapsulating at least a portion of said chip wire and said lead, 

the method comprises, upon forming a ball at one end of a wire on said pad or lead, supplying an annealino 
gas heated to a temperature or 100* C of higher to the periphery of the ball upon forming STaidTcWc 
discharge, so that me moften ball after the formation thereof by e7ectric discharge is noTcoolad Sfdiy 

44. A semiconductor device manufactured by the method as defined in any one of claims 38 to 43. 
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